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Patent Application for:
GERMICIDAL APPARATUSES WITH CONFIGURATIONS TO SELECTIVELY

CONDUCT DIFFERENT DISINFECTION MODES INTERIOR AND EXTERIOR TO
THE APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

{0001] This invention generally relates to germicidal devices and, more specifically, to
germicidal apparatuses with configurations for selectively conducting different disinfection

modes interior and exterior to the apparatus.

2. Description of the Related Art

{8002] The following descriptions and examples are not admitted to be prior art by virtue

of their inclusion within this section.

{6003] Dasinfection of air and surfaces in rooms and areas is becoming increasingly
important as pathogenic microorganisms have been shown to cause infections when present
in occupied rooms or areas. This is especially important as antimicrobial resistant organisms
are becoming more prevalent and increasingly difficult to treat. In general, the objective of a
disinfection process in areas/rooms is to reduce the number of pathogenic microorganisms in
the air and/or on surfaces in the area/room to a level which i1s much less harmful to human
health. In order to limit or prevent exposure of germicides and/or distractions to occupants of
a room or area, area/room disinfection is typically performed by trained cleaning personnel or
by an automated device which disperses a germicide into an ambient of a room after the room
has been vacated by the previous occupants. In order to maximize the number of surfaces
treated but yet minimize the treatment time, the automated devices are generally configured
to distribute a germicide in a spacious manner to an ambient of a room or area. For example,
some automated area/room disinfection devices are configured to distribute a germicide 360

degrees around the device. In addition, many automated area/room disinfection devices are
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configured to distribute an effective amount of germicide to achieve between a 2-log and 4-
log reduction in bacterial contamination on surfaces within a room or area that are greater
than 1 meter or even 2 or 3 meters from the device. In any case, in addition to disinfecting
surfaces in an area or room, the automated area/room disinfection devices innately disinfect
some of the air in the area or room by the dispersion of the germicide trom the device to the

surfaces.

[0004] As noted above, automated area/room disinfection devices are often used in vacated
areas/rooms in order to limit or prevent exposure of germicides to individuals. It is often
desirable, however, to conduct disinfection processes in occupied rooms without exposing
individuals to germicides. Examples of automated disinfection devices and systems which
may be used in occupied areas and rooms are devices and systems which are configured to
disinfect and circulate air through a room without exposing germicides exterior to the devices
and systems. For instance, some HVAC systems have an ultraviolet light source within its
interior to disinfect air before being introduced into a room. Furthermore, standalone air
disinfection units for individual rooms are known. Moreover, standalone closed system
devices exist for disinfecting small objects without exposing germicides exterior to the
devices. In addition to inhibiting exposure of germicide to their exteriors, many air and
object disinfection devices and systems are configured to optimize the efficiency at which the
air/objects are treated, specifically limiting the distance at which a germicide travels to
disinfect an air stream flowing therethrough or an object placed inside the device. Given
such objectives are contrary to the objectives of most area/room disinfection devices as set
forth above, all types of disinfection devices/systems (i.e., area/room disinfection devices,
contained air disinfection devices or systems, and closed system object disinfection devices)
are generally needed if surface and air disinfection processes are desired when areas or rooms

are occupied as well as when the areas or rooms are unoccupied.

{6005] Accordingly, it would be beneficial to develop devices and/or systems that are
usable for disinfection processes when areas or rooms are occupied and when the areas or
rooms are unoccupied. It would be further beneficial to include configurations in such

devices and/or systems which optimize the efficacies of the different disinfection modes.

SUMMARY OF THE INVENTION
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{0006] The following description of various embodiments of apparatuses is not to be

construed in any way as limiting the subject matter of the appended claims.

{0007} Embodiments of apparatuses include one or more germicidal sources, power supply
circuttry coupled to the germicidal source/s, and a shield. The shield and/or at least one of
the germicidal source/s are repositionable within the apparatus and the apparatus is
configured such that the shield and/or the germicidal source/s may be brought in proximity
with each other and upon doing so germicide projected from the germicidal source/s is
substantially contained in the apparatus. In addition, the shield and/or at least one of the
germicidal source/s are repositionable within the apparatus and the apparatus is configured
such that the shield and/or the germicidal source/s may be brought out of proximity with each
other and upon doing so germicide projected from at least one of the germicidal source/s is
projected exterior to the apparatus. In accordance with such germicidal containment and
dispersal options for the apparatuses, the apparatuses further include a processor and a
storage medium having program instructions which are executable by the processor for
activating the power supply circuitry to operate the at least one germicidal source when the
germicidal source is not encased within the apparatus and for activating the power supply
circuttry to operate at least one germicidal source when the germicidal source/s are encased

within the apparatus.

{0008] In some apparatuses, the shield may be a chamber dimensionally configured to
contain the germicidal source/s and/or the shield may be configured in accompaniment with
other features of the apparatus to form a chamber sufficient to encase the germicidal sourcef/s.
In cases in which the shield is a chamber, the chamber may be arranged within the apparatus
such that a port of the chamber which is dimensionally configured to receive at least one of
the germicidal source/s is in linear alignment with the at least one germicidal source. In such
embodiments, the at least one germicidal source and/or the chamber may be linearly
displaceable within the apparatus such that the germicidal source/s may be contained within
the chamber and the at [east one germicidal source may be at least partially arranged exterior
to the chamber for respectively different modes of operation for the apparatus.

{0009] Some embodiments of the apparatuses further include a sensor to detect whether the
germicidal source/s and the shield are in proximity with each other and/or to detect whether
the germicidal source/s and the shield are out of proximity with each other. Alternatively

stated, the apparatuses may include a sensor to detect whether the germicidal source/s are
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encased in the apparatus and/or to detect whether the germicidal source/s are not encased in
the apparatus. In some cases, the apparatuses may include an electronic user interface, a
processor, and a storage medium having program instructions which are executable by the
processor for receiving input from the electronic user interface to start operation of the
apparatus and upon receiving the input, determining from the sensor whether the germicidal
source/s are in or out of proximity with each or whether the germicidal source/s are encased
in the apparatus or not encased in the apparatus. In some cases, the apparatuses may include
program instructions for activating the power supply circuitry in accordance with different
sets of operating parameters for the apparatus upon respectively determining the germicidal
source/s are encased or are not encased within the apparatus. In apparatuses which include
multiple germicidal sources, the apparatuses may additionally or alternatively include
program instructions for activating the power supply circuitry to selectively operate different
subsets of the multiple germicidal sources upon respectively determining the germicidal

sources are encased or are not encased within the apparatus.

[6016] Some embodiments of the apparatuses may include an electronic user interface
having input controls allowing selection of different disinfection modes conducted by the
apparatuses, including a first disinfection mode for primarily disinfecting a medium inside
the apparatuses and a second disinfection mode for primarily disinfecting a medium exterior
to the apparatuses. In such cases, the apparatuses further include program instructions for
receiving input from the electronic user interface regarding a selected disinfection mode and
for determining whether the shield and the germicidal source are in or out of proximity with
each other. Further to such embodiments, the apparatus may include program instructions for
activating a corrective action for the germicidal source/s and/or the shield to be repositioned
in proximity with the other upon receiving input of the first disinfection mode and
determining the shield and the germicidal source/s are out of proximity with each other. In
addition, the apparatus may include program instructions for activating a corrective action for
the germicidal source/s and/or the shield to be repositioned out of proximity with the other
upon receiving input of the second disinfection mode and determining the shield and the

germicidal source/s are in proximity with each other.

{0011] In some cases, the apparatuses may include program instructions for activating the
power supply circuitry in accordance with a predetermined first set of operating parameters

for the apparatus upon receiving input of the first disinfection mode and determining the
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shield and the germicidal source/s are in proximity with each other. Moreover, the
apparatuses may include program instructions for activating the power supply circuitry in
accordance with a predetermined second set of operating parameters for the apparatus
different from the first set of operating parameters upon receiving input of the second
disinfection mode and determining the shield and the germicidal source/s are out of proximity
with each other. In apparatuses which include multiple germicidal sources, the apparatuses
may include program instructions for additionally or alternatively activating the power supply
circuitry to selectively operate a first subset of a plurality of germicidal sources upon
receiving input of the first disinfection mode and determining the shield and the germicidal
sources are in proximity with each other. In addition in such apparatuses, the apparatuses
may include program instructions for activating the power supply circuitry to selectively
operate a second subset of the multiple germicidal lamps different from the first subset of
multiple germicidal lamps upon receiving input of the second disinfection mode and

determining the shield and the germicidal sources are out of proximity with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

{0012] Other objects and advantages of the invention will become apparent upon reading
the following detailed description and upon reference to the accompanying drawings in

which:

[0013] Fig 1 illustrates an example of a disinfection apparatus having configurations to
selectively perform a disinfection process interior to the apparatus and a disinfection process

exterior to the apparatus;

[0014] Fig 2 illustrates example program instructions for activating power circuitry of the
apparatuses described herein to operate one or more germicidal sources of the apparatuses;
[0015] Fig 3 illustrates a perspective view of an example chamber for the apparatus

depicted in Fig. 1;

[0016] TFig 4 illustrates a cross-sectional view of an example chamber for the apparatus

depicted in Fig. 1;
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{0017] Fig 5 illustrates an example germicidal source assembly for the apparatus depicted

in Fig 1;

[0018] Fig 6 illustrates example program instructions for activating fans of the apparatuses

described herein;

{6019} Fig 7 illustrates example program instructions for controlling air flow regulators of

the apparatuses described herein;

{0020] Fig 8 illustrates an example air flow regulator which may be used in the

apparatuses described herein;

[0021] Figs. 9a and 9b illustrate example positions of the air flow regulator depicted in Fig.

8 relative to an air outlet of an apparatus;

{6022] Fig 10 illustrates another configuration of an air flow regulator which may be used

in the apparatuses described herein;

{0023} Figs. 11-13 illustrate example configurations of other apparatuses having
configurations to selectively perform a disinfection process interior to the apparatus and a

disinfection process exterior to the apparatus; and

{0024] Figs. 14-17 illustrate flowcharts of example processes which may be conducted in

conjunction with the apparatuses described herein.

[0025] While the invention 1s susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example in the drawings and will herein
be described in detail. Tt should be understood, however, that the drawings and detailed
description thereto are not intended to limit the invention to the particular form disclosed, but
on the contrary, the intention is to cover all modifications, equivalents and alternatives falling

within the spirit and scope of the present invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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{0026] Turning to the drawings, examples of apparatuses used for disinfecting surfaces,
objects and/or air interior to the apparatuses and exterior to the apparatuses are provided. In
particular, Figs. 1 and 11-13 depict examples of different apparatuses with configurations for
enabling such interior and exterior disinfection capability. In addition, Figs. 3-5 and 8-10
iltustrate examples of different components which may comprise the apparatuses and
specifically enable such selectivity. As shown in the drawings, the apparatuses may include
processor-executable program instructions for automated operations of the apparatuses. Figs.
2,6, 7, and 14-17 depict tlow charts of example processes which may be automated via such
program instructions. As will be set forth in more detail below, the apparatuses and
components described herein are not limited to the depictions in the drawings. Several other
configurations of apparatuses and components may be considered. Furthermore, it is noted

that the drawings are not necessarily drawn to scale.

{6027] Each of the apparatuses described herein includes a germicidal source. The
germicidal source may be any device configured to generate a dispersible germicide. In
particular, the germicidal source may be any device or apparatus configured to generate a
germicide in form of a liquid, a vapor, a gas, a plasma or germicidal light. In some cases, a
germicidal source may be configured to generate more than one type of germicide. As used
herein, the term “germicide” refers to an agent for deactivating or killing microorganisms,
particularly disease carrying and/or disease producing microorganisms (a.k a, germs). The
term “kill,” as used herein, means to cause the death of an organism. In contrast, the term
“deactivate,” as used herein, means to render an organism unable to reproduce without
killing. As such, a germicide which is configured to deactivate a microorganism, as used
herein, refers to an agent which renders a microorganism unable to reproduce but leaves the
organism alive. Furthermore, the term “germicidal source” as used herein refers to a
collection of one or more components used to generate and disperse a germicide. In some
embodiments, a germicidal source may include components in addition to the component/s
used to generate the germicide to effect the dispersal of the germicide from the generation
component/s. In any case, the apparatus described herein may include any number of

germicidal sources, depending on the design specifications of the apparatus.

{0028] In some cases, a germicidal source of the apparatuses described herein may be
configured to generate a liquid, vapor, gaseous or plasma germicide that is molecularly

configured to deactivate and/or kill microorganisms. As used herein, the phrase “molecularly
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configured” refers to the elemental composition of a substance (i.e., the number and type of
atoms making up a substance) to impart the function stated after the phrase. In some
embodiments, the functionality of a liquid, vapor, gaseous or plasma germicide to deactivate
and/or kill a microorganism may be attributed to the elements constituting the germicide and,
thus, such germicides may be referenced as being molecularly configured to deactivate and/or
kill microorganisms. This is in contrast to liquid, vapor, gaseous or plasma germicides which
impart their deactivation and/or killing functionality by the manner in which they are used.
For example, boiling water and steam are often effective sterilizing agents due to the
temperature at which they are employed rather than their molecular composition. An
example of a gaseous germicide which deactivates or kills microorganisms by the manner in
which it 1s used is air at a very high temperature. Furthermore, the germicidal effectiveness
of some plasma germicides is primarily due to the presence and activity of charged particles

making up the plasma rather than the molecular composition of the charged particles.

[0029] An example of a gaseous germicide that is molecularly configured to kill
microorganisms is ozone. Examples of plasmas germicides that are molecularly configured
to deactivate or kill microorganisms are those that employ or generate reactive oxygen
species. Examples of liquid and vapor germicides that are molecularly contfigured to
deactivate or kill microorganisms include liquid and vapor disinfection solutions having a
principle disinfection agent such as but not limited to bleach, hydrogen peroxide, chlorine,
alcohol, quaternary ammonium compounds or ozone. In any of such cases, the liquid and
vapor germicides may be aqueous or non-aqueous. It is noted that although germicidal
sources which are configured to generate a liquid, vapor, gaseous or plasma germicide that is
molecularly configured to deactivate or kill microorganisms are discussed in detail above, the
apparatuses considered herein may, in some embodiments, include a germicidal source
configured to generate a liquid, vapor, gaseous or plasma germicide which imparts its
deactivation or killing functionality by the manner in which it is used, such as via boiling
water, steam or heated air. In any case, examples of apparatuses which may be configured to
disperse liquid, vapor, gaseous, or plasma germicides include but are not necessarily limited
to liquid sprayers, foggers, plasmas torchers and misting systems including wet and dry mist
systems. As used herein, the term “mist” refers to a suspension of minute globules of

aliquid in a gas. For use herein, a germicidal mist is categorized as a liquid germicide.
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{0030] As noted above, a germicidal source of the apparatuses described herein may, in
some embodiments, be a device configured to generate germicidal light. The term
“germicidal light” refers to light which is capable of deactivating or killing microorganisms,
particularly disease carrying and/or disease producing microorganisms (a.k.a., germs).
Ranges of light which are known to be germicidal include ultraviolet light between
approximately 200 nm and approximately 320 nm, particularly 220 nm and between 260 nm
and 265 nm, and visible violet-blue light (also known as high-intensity narrow-spectrum
(HINS) light) between approximately 400 nm and approximately 470 nm, particularly 405
nm. In some embodiments, a germicidal light source may generate ranges of light which are
not germicidal such as but not limited to visible light greater than approximately 500 nm, but
such capability will not deter from the reference of the light sources being germicidal.
Examples of germicidal light sources which may be configured to generate ultraviolet light
and/or HINS light include discharge lamps, light emitting diode (LED) solid state devices,

and excimer lasers. HINS lamps are generally constructed of LEDs.

{8031] A discharge lamp as used herein refers to a lamp that generates light by means of an
internal electrical discharge between electrodes in a gas. The term encompasses gas-
discharge lamps, which generate light by sending an electrical discharge through an ionized
gas (i.e., a plasma). The term also encompasses surface-discharge lamps, which generate
light by sending an electrical discharge along a surface of a dielectric substrate in the
presence of a gas, producing a plasma along the substrate’s surface. As such, the discharge
lamps which may be considered for the germicidal sources described herein include gas-
discharge lamps as well as surface-discharge lamps. Discharge lamps may be further
characterized by the type of gas/es employed and the pressure at which they are operated.
The discharge lamps which may be considered for the germicidal sources described herein
may include those of low pressure, medium pressure and high intensity. In addition, the
gas/es employed may include helium, neon, argon, krypton, xenon, nitrogen, oxygen,
hydrogen, water vapor, carbon dioxide, mercury vapor, sodium vapor and any combination
thereof. In some embodiments, various additives and/or other substances may be included in
the gas/es. In any case, the discharge lamps considered for the germicidal sources described
herein may include those which generate continuous light and those which generate light in
short durations, the latter of which are often referred to as flashtubes or flashlamps.
Flashtubes or flashlamps that are used to supply recurrent pulses of light are often referred to

as pulsed light sources.
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[6032] A commonly used gas-discharge lamp used to produce continuous light is a
mercury-vapor lamp, which may be considered for some of the germicidal sources described
herein. It emits a strong peak of light at 253.7 nm, which is considered particularly
applicable for germicidal disinfection and, thus, is commonly referenced for ultraviolet
germicidal irradiation (UVGI). A commonly used tlashlamp which may be considered for
the germicidal sources described herein is a xenon flashtube. In contrast to a mercury-vapor
lamp, a xenon flashtube generates a broad spectrum of light from ultraviolet to infrared and,
thus, provides ultraviolet light in the entire spectrum known to the germicidal (i.e., between
approximately 200 nm and approximately 320 nm). In addition, a xenon flashtube can
provide relatively sufficient intensity in the spectrum which is known to be optimally
germicidal (i.e., 220 nm and/or between approximately 260 nm and approximately 265 nm).
Moreover, a xenon flashtube generates an extreme amount of heat, which can further

contribute to the deactivation and/or killing of microorganisms.

{6033} Although they are not readily available on the commercial market to date, a surface-
discharge lamp may be considered for some of the germicidal sources described herein as
noted above. Similar to a xenon flashtube, a surface-discharge lamp produces ultraviolet
light in the entire spectrum known to the germicidal (i.e., between approximately 200 nm and
approximately 320 nm). In contrast, however, surface-discharge lamps operate at higher
energy levels per pulse and, thus, offer greater UV efficiency as well as longer lamp life as
compared to xenon flashtubes. It is noted that the aforementioned descriptions and
comparisons of a mercury-vapor lamp, a xenon flashlamp, and a surface discharge lamp in no
way restrict the germicidal sources described herein to include such lamps. Rather, the
aforementioned descriptions and comparisons are merely provided to offer factors which one
skilled in the art may contemplate when selecting a discharge lamp for a germicidal source,

particularly depending on the objective and application of the apparatus.

[6034] As noted above, the apparatuses described herein include configurations for
selectively conducting different disinfection modes exterior and interior to the apparatus,
particularly room/area disinfection processes exterior to the apparatus and object and/or air
disinfection processes interior to the apparatus. As used herein, the term “room/area
disinfection” refers to the cleansing of a space which is suitable for human occupancy so as to

deactivate, destroy or prevent the growth of disease-carrying microorganisms in the area.

10
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The phrase “a space which is suitable for human occupancy” as used herein refers to a space
in which an adult human being of average size may comfortably occupy for at least a period
of time to eat, sleep, work, lounge, partake in an activity, or complete a task therein. In some
cases, spaces suitable for human occupancy may be bounded and include a door for entering
and exiting the room. In other cases, a space suitable for human occupancy may be an area
with indeterminate boundaries. Examples of spaces which are suitable for human occupancy
include but are not limited to single patient rooms, multiple occupancy patient rooms,
bathrooms, walk-in closets, hallways, bedrooms, offices, operating rooms, patient

examination rooms, waiting and/or lounging areas and nursing stations.

[6035] Since the apparatuses described herein are specific to being able to perform
room/area disinfection processes, the apparatuses include configurations to facilitate
room/area disinfection when their germicidal sources are arranged to disperse germicide/s
exterior to the apparatuses. More specifically, the apparatuses described herein include
configurations to distribute an effective amount of germicide in a spacious manner to an
ambient of a room in which the apparatus is arranged to maximize the number of surfaces and
objects disinfected in the room. The apparatuses may be of any shape, size, or configuration
in which to achieve such an objective. For example, a configuration which may be
constdered for the apparatuses described herein is to position the germicidal source within the
apparatus to distribute a germicide approximately 360° around the source, such as described
in reference to Figs. 1 and 13. In such cases, the apparatuses may be void of a component
sufficient to block the germicide approximately 360° around the apparatus such that
germicide emitted from the germicidal source substantially encircles the apparatus. In other
embodiments, however, apparatuses having configurations which enable both interior and
exterior disinfection modes may be configured to distribute a germicide less than 360° around

its exterior during exterior disinfection modes, such as described in reference to Fig. 11.

{0036] Yet another configuration for the apparatuses described herein to aid in the distribution
of a germicide in a room or area is for the apparatus to be automated to move through the room
or area while the germicidal source is projecting germicide into an ambient of the room or
area. For instance, the apparatuses described herein may include motorized wheels and
processor-executable program instructions for activating the motorized wheels in accordance
with a predetermined route and/or in response to sensors to maneuver around obstacles in the

room or area while the germicidal source is emitting germicide/s. Other examples of

11
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configurations specific to facilitating area/room disinfection which may be included in the
apparatuses described herein are disclosed in U.S. Application Serial Nos. 13/706,926 filed
December 6, 2012 and 13/708,208 filed December 7, 2012 and International Application No.
PCT/US2014/059698 filed October 8, 2014, all of which are incorporated herein by reference
as if set forth fully herein. Other configurations of area/room disinfection apparatuses,
however, may be additionally or alternatively employed for apparatuses described herein.
Furthermore, although the apparatuses described herein are not necessarily bound to use in
rooms and areas of a particular size, in some cases the apparatuses described herein may be

particularly configured for partitioned area of at least approximately 4 m>.

[6037] In some embodiments, the apparatuses described herein may include configurations
to distribute an effective amount of germicide to achieve a between a 2-log and 4-log
reduction in bacterial contamination on surfaces within a room or area that are greater than 1
meter or even 2 or 3 meters from the germicidal source. Configurations used to generate
such an effect generally depend on the configuration of the germicidal source, particularly the
size of the germicidal source, the intensity and/or frequency at which the germicide is
dispersed and the orientation of the germicidal source in the apparatus. In general, the
germicidal sources considered herein may, in some embodiments, be any shape, size,
orientation or configuration and may be conducted at parameters to achieve a desired
reduction in bacterial contamination on surfaces within a room or area that are greater than 1
meter or even 2 or 3 meters from the apparatus. An example of an orientation of a germicidal
source which may aid in achieving such an effect is that the germicidal source may be
vertically arranged (e.g., the germicidal source may be arranged lengthwise substantially
perpendicular to a horizontal plane of the support structure) to aid in distributing the

germicide greater distances within a room or area.

{0038] In some cases, the apparatuses described herein may utilize configurations of other
components in the apparatus (i.e., other than the configurations of the germicidal source) to
aid in achieving a desired reduction in bacterial contamination on surfaces within a room or
area that are greater than 1 meter or even 2 or 3 meters from the germicidal source. For
example, the apparatuses described herein may, in some embodiments, include an actuator
coupled to the germicidal source and processor-executable program instructions for activating
the actuator to move the germicidal source while the germicidal source is projecting germicide

into an ambient of a room or area to aid in the distribution of germicide in a room or area.

12
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More specifically, the germicidal source may be moved in vertical, horizontal and/or diagonal
directions via the actuator while the germicidal source is projecting germicide into an

ambient of a room or area.

[0039] Regardless of any specific germicidal efficacy objective for the apparatuses
described herein and the component configurations used to achieve such an objective, a
component which is often included in room disinfection apparatuses and which may be
included in the apparatuses disclosed herein 1s a movement detection sensor and/or a
room/area occupancy sensor, such as a motion sensor, a thermal sensor, a Doppler sensor, or
a photo recognition sensor. In particular, the apparatuses described herein may include
program instructions to inhibit or terminate activation of a power supply circuit to the
germicidal source upon detecting movement and/or occupancy in the area/room in which the
apparatus is arranged. Additional program instructions utilizing information from a
movement detection sensor and/or a room/area occupancy sensor and which are specific to
the configurations of the apparatuses described herein that allow disinfection processes to be
performed interior and exterior to the apparatuses are described below in reference to Figs. 16

and 17.

{0040} Turning to Fig. 1, apparatus 20 is shown having germicidal source 22, chamber 24,
power circuitry 26, program instructions 28, processor 30, user interface 32, remote user
interface 34, base 36 as well as sensors 38 and 48. In general, power circuitry 26, program
instructions 28, processor 30, user interface 32, remote user interface 34 and sensors 38/48
may be in electrical communication with each other (via wired or wireless connections) to
affect operations of the apparatus. For instance, power circuitry 26 is electrically coupled to
germicidal source 22 to operate the germicidal source to generate a germicide and power
circuitry 26 is further electrically coupled to processor 30, user interface 32, remote user
interface 34 and/or sensors 38/48 to affect the timing at which to operate germicidal source
22. In addition, processor 30 1s electrically coupled to program instructions 28 such that the
program instructions may be executed by the processor and, in addition, processor 30 is
electrically coupled to user interface 32, remote user interface 34 and/or sensors 38/48 to
affect operations of such components in accordance with program instructions 28. Other
electrical connections may be included in the apparatus 20 between any of the noted
components and other components of apparatus 20 to affect operations thereof, particularly to

affect the operations described in reference to Figs. 1-17. For example, power circuitry 26,
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processor 30, user interface 32, remote user interface 34 and/or sensors 38/48 may be in
electrical communication with an air moving device, an air flow regulator, an actuator, other
sensors, other germicidal sources or any other components optionally included in the

apparatus to affect the operation of the components.

{0041] The term “program instructions,” as used herein, refers to commands within
software which are configured to perform a particular function, such as any of the processes
described in reference to Figs. 2, 6, 7 and 14-17. Program instructions 28 may be
implemented in any of various ways, including procedure-based techniques, component-based
techniques, and/or object-oriented techniques, among others. For example, program instructions
28 may be implemented using ActiveX controls, C++ objects, JavaBeans, Microsoft Foundation
Classes (“MFC”), or other technologies or methodologies, as desired. Program instructions 28
may be transmitted over or on a carrier medium such as a wire, cable, or wireless
transmission link. It is noted program instructions 28 may include program instructions for
performing processes other than those specifically described herein and, therefore, the
apparatuses described herein are not limited to having program instructions for performing
the operations described in reference to Figs. 2, 6, 7 and 14-17. In general, program
instructions 28 may be stored with a storage medium within the apparatuses described herein.
The term “storage medium”, as used herein, refers to any electronic medium configured to
hold one or more set of program instructions, such as but not limited to a read-only memory,

a random access memory, a magnetic or optical disk, or magnetic tape.

{0042] Asshownin Fig. 1, germicidal source 22 may be supported and moveable in and
out of chamber 24 via support members 40. In particular, support members 40 may be
coupled to a lower portion of germicidal source 22 and may be configured to draw germicidal
source 22 into chamber 24 as denoted by the dotted line version of germicidal source 22 and
the doubled arrow vertical line adjacent germicidal source 22 in Fig. 1. In general, apparatus
20 may include any number of support members to support and/or move germicidal source 22
and, thus, apparatus 20 need not be limited to having two support members 40 as shown in
Fig. 1. Furthermore, apparatus 20 need not be limited to having support members coupled to
the bottom of germicidal source 22 as shown in Fig. 1. In particular, apparatus 20 may
additionally or alternatively include components coupled to and/or configured to engage the
sidewalls and/or top surfaces of germicidal source 22 to support and/or affect its movement in

and out of chamber 24. For instance, germicidal source 22 and chamber 24 may respectively
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include engageable notches and protrusions or vice versa to support and affect movement of
germicidal source 22 in and out of chamber 24. In addition or alternatively, apparatus 20
may include a component coupled to the top portion of germicidal source 22 to support the
germicidal source and, in some cases, to offer a manner in which to pull and push the
germicidal source in and out of chamber 24. In any case, components used to affect
movement of germicidal source 22 may be configured in any manner known to achieve such
a function, such as but not limited to displaceable components (e.g., rigid unmalieable bars
which may be displaced within apparatus 20), retractable (i e, collapsible or nestable) bars,
and sliding tracks. In some cases, an actuator (i.e., a motorized component) may be used to
affect automated movement of germicidal source 22. However, in other cases, movement of

germicidal source 22 may be manually affected by a user of apparatus 20.

[0043] As denoted by the double arrow vertical line adjacent chamber 24 in Fig. 1,
apparatus 20 may, in some cases, be configured to move chamber 24 up and down. Such a
configuration may be in addition to or alternative to having a component to affect the
movement of germicidal source 22 within apparatus 20. In particular, apparatus 20 need not
be restricted to having germicidal source 22 displaceable in order to contain it and extend it
out of chamber 24. Rather, apparatus 20 may additionally or alternatively include
configurations to move chamber 24 up and down such that germicidal source 22 may be
encased therein for at least one mode of operation of apparatus 20 as well as have at least a
portion thereof extend exterior to the chamber for at least a different mode of operation of
apparatus 20. Configurations to allow movement of chamber 24 within apparatus 20 may
include any configuration known to achieve such a function, such as but not limited to
displaceable components coupled to the bottom, sides and/or top of chamber 24, retractable
bars coupled to the bottom, sides and/or top of chamber 24, sliding tracks between the sides
of chamber 24 and germicidal source 22, and/or sliding tracks between the sides of chamber
24 and a component coupled to the exterior of chamber 24. In some cases, an actuator (i.e., a
motorized component) may be used to affect automated movement of chamber 24. However,

in other cases, movement of chamber 24 may be manually affected by a user of apparatus 20.

{0044] Regardless of whether chamber 24 and/or germicidal source 22 is configured to
move within apparatus 20, the movement of germicidal source 22 and/or chamber 24 is to
either contain the germicidal source 22 within chamber 24 or extend germicidal source 22

outside of chamber 24. As set forth in more detail below, in embodiments in which
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germicidal source 22 is contained within chamber 24, the movement germicidal source 22
and/or chamber 24 may concurrently encase the germicidal source within the chamber. In
particular, apparatus 20 may, in some embodiments, be configured such that germicidal
source 22 is encased within chamber 24 upon being contained therein (e.g., via closure of a
door over port 42 or an upper portion of a housing comprising germicidal source 22 sealing
port 42). In other cases, encasing chamber 24 may be conducted after germicidal source 22 is
contained therein. As used herein, the term “contained” refers to residing within the
boundaries of storage unit. On the contrary, the term “encased” refers to being enclosed.
Furthermore, it is noted germicidal source 22 may be partially or fully extended outside of
chamber 24 for disinfection processes conducted exterior to apparatus 20. In particular, all of
germicidal source 22 or only a portion of germicidal source 22 may be positioned exterior to

chamber 24 for area/room disinfection processes conducted by the apparatus.

{0045] As shown in Fig. 1 and noted above, apparatus 20 may include base 36. In general,
base 36 may be configured to support chamber 24 and/or support members 40. Any
configuration known to achieve such function may be used for base 36, including but not
limited to a plate, an annular ring, or a set of support legs (e.g., similar to legs of a table).
Inclusion of base 36 may be particularly useful in embodiments in which apparatus 20
includes configurations to move chamber 24. However, base 36 may still be useful in
apparatus 20 in embodiments in which apparatus 20 is not configured to move chamber 24.
For example, in some of such latter cases, base 36 may form a part (i.e., the floor) of chamber
24. In addition or alternatively and regardless of whether apparatus is configured to move
chamber 24, base 36 may be configured such that the height of apparatus 20 may be within
design specifications, particularly if the size of chamber 24 1s restricted to limit the distance
at which a germicide travels to disinfect an air stream flowing therethrough or an object
placed inside the chamber as described in more detail below. In yet some cases, however,
base 36 may be omitted from apparatus 20. In particular, chamber 24 may serve as a base for
apparatus 20 in some embodiments. In any case, optional features for the apparatuses
considered herein include wheels and/or a handle to affect portability for the apparatus and
either may be coupled to chamber 24, base 36 or any other component of apparatus 20,

depending on the design specifications of the apparatus.

[0046] As shown in Fig 1, power circuitry 26, program instructions 28, processor 30 and

user interface 32 may be arranged in chamber 24. In some embodiments, however, it may be
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advantageous to arrange one or more of power circuitry 26, program instructions 28,
processor 30 and user interface 32 in base 36 or a different structure of apparatus 20 distinct
from chamber 24 (such as a structure arranged adjacent to or above chamber 24) to avoid
exposure of such components to a germicide generated by germicidal source 22 or
byproducts of the germicide generation. For example, in embodiments in which germicidal
source 22 is an ultraviolet (UV) lamp, the UV light and the heat generated from the lamp may
degrade power circuitry 26, program instructions 28, processor 30 and user interface 32 or
even housings storing such components in chamber 24. Likewise, in embodiments in which
germicidal source 22 is a source of a chemical vapor, liquid, and/or gas (e.g., hydrogen
peroxide vapor), exposure of the chemical and/or moisture generated from the lamp may
degrade power circuitry 26, program instructions 28, processor 30 and user interface 32 or
even housings storing such components in chamber 24. Alternatively, power circuitry 26,
program instructions 28, processor 30 and/or user interface 32 may be stored in housings in
chamber 24 which are configured to withstand the heat, moisture and chemicals generated by

germicidal source 22.

[0047] In some cases, the generation of heat and moisture as well as chemical dispersion
within chamber 24 may be detrimental to chamber 24 itself. In addition, heat and moisture
may reduce the germicidal efficacy of germicidal source 22 within chamber 24. Thus,
chamber 24 may, in some cases, include configurations to dissipate or remove heat, moisture
and chemicals generated by germicidal source 22 regardless of whether power circuitry 26,
program instructions 28, processor 30 and/or user interface 32 are arranged therein. For
example, chamber 24 may, in some embodiments, include heat shields within its interior
and/or along one or more its exterior sidewalls to avoid the exterior of chamber 24 from
getting too hot, particularly too hot to touch. In addition or alternatively, chamber 24 may
include one or more heat sinks within its interior and/or along one or more its exterior
sidewalls. Furthermore, chamber 24 may, in some cases, include a cooling device within its
interior tor reducing the temperature therein. Moreover, chamber 24 may additionally or
alternatively include a dehumidifier and/or the interior sidewalls of chamber 24 may
additionally or alternatively comprise chemically resistant materials. Moreover, chamber 24
may additionally or alternatively include filtered outlets to discharge heat, motsture and
chemicals dispersed therein. In cases in which chemical vapor, gases or liquids are generated
in chamber 24, the filtered outlets may include filters to capture and/or neutralize hazardous

elements/components of the chemical/s.
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[0048] Regardless of whether chamber 24 includes configurations to dissipate or remove
heat, moisture and chemicals generated by germicidal source 22 therein, apparatus 20 is
configured such that germicide projected from germicidal source 22 is substantially contained
in chamber 24 when germicidal source 22 is encased in the chamber. Such configurations of
apparatus 20 may include configurations of chamber 24 to contain the germicide. For
example, the sidewalls of chamber 24 may be made of solid impervious matenial/s and the
seams adjoining the sidewalls of chamber 24 may be sealed. In addition, any air inlets and
air outlets of chamber 24 (which as described in more detail below affect apparatus 20 to
conduct air disinfection within chamber 24) may include filters by which to prevent the
release of germicide therethrough. Furthermore, as described in more detail below in
reference to Fig. 3, chamber 24 may, in some cases, include a door at port 42 and/or a door at
a loading port through which objects may be loaded for an object disinfection process within
chamber 24. In such cases, the door/s may be configured to substantially prevent release of
the germicide projected from germicidal source 22 when the germicidal source is contained
in the chamber and the door/s are closed. In other cases, chamber 24 may, in some
embodiments, include a seal at port 42 through which germicidal source 22 or the housing
containing germicidal source 22 may slidingly pass upon moving the germicidal source
and/or the chamber to affect the germicidal source in and out of the chamber.  In such
cases, chamber 24 and/or germicidal source 22 may be configured to terminate its movement
for interior disinfection processes such that an upper portion of the housing comprising
germicidal source 22 is in contact with the seal at port 42 to encase the germicidal source

within chamber 24,

{6049] In some cases, configurations of apparatus 20 to substantially contain germicide
projected from germicidal source 22 in chamber 24 when germicidal source 22 is encased in
the chamber may include configurations of other components of apparatus 20 (i.e., other than
chamber 24). For example, the top portion of germicidal source 22 or the housing
comprising germicidal source 22 may include a seal along its exterior sidewalls (particularly
around its top surface) which comes into contact with port 42 when the germicidal source is
positioned within chamber 24. In such cases, chamber 24 and/or germicidal source 22 may
be configured to terminate its movement for interior disinfection processes such that the seal
is in contact with port 42 to encase the germicidal source within chamber 24. In addition or

alternatively, apparatus 20 may include a component disposed above germicidal source 22
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with portions which mate with exterior portions of chamber 24 adjacent to port 42, such as

described in more detail below in reference to Fig. 5.

{0050} In some cases, chamber 24 may be opaque, particularly in embodiments in which
germicidal source 22 includes a germicidal lamp which produces very bright visible light
and/or 1s a pulsed light source run at a pulse frequency between approximately 3 Hz and
approximately 50 Hz (i.e., the frequency range which is generally considered to induce
seizures). Xenon flashlamps are often run at parameters which induce one or both of these
effects and, thus, it may be advantageous for chamber 24 to be opaque when germicidal
source 22 is a xenon flashlamp, depending on the parameters at which the flashlamp is
operated. In other embodiments, however, chamber 24 may be transparent to visible light
(e.g., chamber 24 may be made of glass), even in embodiments in which germicidal source
22 includes a xenon flashlamp. In particular, it has been found that xenon flashlamps run at
frequencies of 50 Hz and greater generate light at an intensity which is not generally
considered disturbing and, thus, germicidal source 22 may, in some cases, include a xenon
flashlamp (or any other type of germicidal source) when chamber 24 is transparent to visible
light. A description of xenon flashlamps run at frequencies of 50 Hz and greater as well as
other configurations of lamp assemblies configured to produce a collective stream of
continuous visible light or a collective stream of visible light pulsed at a frequency greater
than 50 Hz are disclosed in U.S. Patent Application Serial No. 62/052,036 filed on September
18, 2014, which is incorporated by reference as if set forth fully herein. It is noted that any of
the lamps and systems of lamps described in U.S. Patent Application Serial No. 62/052,036

may be used as a germicidal source for the apparatuses described herein.

{0051} As described above, germicidal source 22 and/or chamber 24 may be repositionable
within apparatus 20 and, more specifically, may be linearly displaceable within apparatus 20
such that germicidal source 22 may be contained within chamber and may be at least partially
arranged exterior to the chamber for respectively different modes of operation for the
apparatus. As further described above, the different modes of operation are room/area
disinfection processes conducted exterior to the apparatus and object and/or air disinfection
processes conducted interior to the apparatus. To facilitate such dual functionality, chamber
24 includes port 42 in linear alignment with germicidal source 22 and which is dimensionally
configured to receive germicidal source 22. In addition, program instructions 28 include

code executable by processor 30 for activating power circuitry 26 to operate germicidal
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source 22 when the germicidal source extends outside chamber 24 as shown by projected
germicide 44 in Fig. 1 and by block 50 in Fig. 2 which depicts some of the instructions that
may be included in program instructions 28. Furthermore, program instructions 28 includes
code executable by processor 30 for activating power circuitry 26 to operate germicidal
source 22 when the germicidal source is encased within chamber 24 as shown by projected
germicide 46 in Fig. 1 and by block 60 in Fig. 2. In some cases, program instructions 28 may
include code executable by processor 30 for activating power circuitry 26 to operate
germicidal source 22 when the germicidal source extends outside chamber 24 by a
predetermined distance for safety precautions and/or or to ensure optimum germicide

dispersal for room/area disinfection processes.

{0052] In some embodiments, program instructions 28 for activating power circuitry 26
when germicidal source 22 extends outside chamber 24 may include the same instructions for
operating germicidal source 22 as the program instructions for activating power circuitry 26
when germicidal source 22 1s encased in chamber 24. In other cases, however, program
instructions 28 may include different instructions for activating power circuitry 26 in relation
to whether germicidal source 22 extends outside chamber 24 or in encased in chamber 24.
For example, program instructions 28 may, in some embodiments, include code executable
by processor 30 for activating power circuitry 26 to respectively supply different amounts of
power to germicidal source 22 when germicidal source 22 is not encased with chamber 24
and when germicidal source 22 is encased with chamber 24 as respectively denoted in blocks
52 and 62 of Fig. 2. In particular embodiments, program instructions 28 may include code
executable by processor 30 for activating power circuitry 26 to supply a lower amount of
power to germicidal source 22 when germicidal source 22 is encased with chamber 24 than
when germicidal source 22 is not encased with chamber 24. In particular, the air and object
disinfection processes conducted within chamber 24 have a much shorter distance
requirements to disinfect their target medium than room/area disinfection processes
conducted when germicidal source 22 1s exterior to chamber 24, and, thus, the germicide

need not be projected at as high of an intensity.

[0053] Another variation regarding the activation of power circuitry 26 to supply power to
germicidal source 22 when the germicidal source is not encased or is encased within chamber
24 includes a variation in the duration the power circuitry 26 is activated as respectively

denoted in blocks 54 and 64 of Fig. 2. In particular, an object disinfection process within
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chamber 24 may require less time to achieve a desired reduction in bacterial contamination
on objects within chamber 24 versus a room/area disinfection process. As such, program
instructions 28 may, in some embodiments, include code executable by processor 30 for
activating power circuitry 26 to supply power to germicidal source 22 for a shorter amount of
time when germicidal source 22 is encased with chamber 24 than when germicidal source 22
is not encased with chamber 24 In yet other embodiments, program instructions 28 may
include code executable by processor 30 for activating power circuitry 26 to supply power to
germicidal source 22 for a longer amount of time when germicidal source 22 is encased with
chamber 24 than when germicidal source 22 is not encased with chamber 24. In particular,
an air disinfection process conducted interior to an apparatus may be run for a longer duration
than an area/room disinfection process conducted exterior to an apparatus since the volume of
air disinfected for a given amount of time during an interior air disinfection process is

considerably less than in an exterior area/room disinfection process.

{0054] Yet another variation regarding the activation of power circuitry 26 to supply power
to germicidal source 22 when the germicidal source is not encased or is encased within
chamber 24 includes a variation in the pulse frequency at which power circuitry 26 operates a
flashlamp (i.e., when germicidal source 22 is a flashlamp) as respectively denoted in blocks
56 and 66 of Fig. 2. In particular, as noted above, the germicide projected for air and object
disinfection processes conducted within chamber 24 need not be as intense as room/area
disinfection processes conducted when germicidal source 22 is exterior to chamber 24.
Lower intensity pulses in flashlamps generally allow flashlamps to be pulsed at higher
frequencies since less accumulated energy is needed. Given the relatively small volume of
space within chamber 24 for air and object disinfection processes, higher frequencies of
germicidal light may shorten the time at which to achieve a desired disinfection objective
and/or may increase germicidal efficacy for such processes. Thus, program instructions 28
may, in some embodiments, include code executable by processor 30 for activating power
circuitry 26 to apply a trigger voltage to germicidal source 22 at a higher frequency when
germicidal source 22 is encased with chamber 24 than when germicidal source 22 is not

encased with chamber 24.

{0055} In any case, apparatus 20 may include sensor 38 to determine whether germicidal
source 22 is encased within chamber 24 and/or to determine whether germicidal source 22 is

not encased within chamber 24. For example, sensor 38 may, in some embodiments, be
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fixedly arranged within chamber 24 at a location such that when germicidal source 22 comes
into contact with sensor 38, the germicidal source 22 is contained in chamber 24. In such
cases, sensor 38 may be arranged at a location which further indicates germicidal source 22 is
not contained in chamber 24 when germicidal source 22 is not in contact with the sensor. In
other cases, sensor 38 may be attached to germicidal source 22 and configured to touch
contacts disposed within or on chamber 24 at locations which respectively indicate
germicidal source 22 is encased and not encased within the chamber such as shown in Fig. 1.
Further yet, sensor 38 may be disposed within or exterior to chamber 24 at a location wherein
upon touching a contact on germicidal source 22, at least a portion of the germicidal source
extends out of the chamber and, in some cases, by a predetermined distance. It is noted that
the aforementioned configurations of sensor 38 are examples and other configurations of
sensors and/or sensor systems may additionally or alternatively employed within apparatus
20 to determine whether germicidal source 22 is encased within chamber 24 and/or to
determine whether germicidal source 22 is not encased within chamber 24. For example,
sensor 38 is not limited to contact sensor technology, but rather could include light beam

sensor technology or other types of sensors.

[6056] As noted above, apparatus 20 may further include sensor 48. Sensor 48 is a sensor
configured to detect movement and/or room/area occupancy within an ambient of apparatus
20, such as a motion sensor, a thermal sensor, a Doppler sensor, or a photo recognition
sensor. Although sensor 48 is shown attached to base 36 in Fig. 1, apparatus 20 is not limited
to such placement. In particular, sensor 48 may be coupled to any portion of apparatus 20.
Furthermore, apparatus 20 is not limited to having a single motion and/or room/area
occupancy sensor. Rather, apparatus 20 may include multiple motion and/or room/area
occupancy sensors in some embodiments, all of which may be of the same type or may

include different types.

{6057] Asshown in Fig 1 and mentioned above, apparatus 20 may include user interface
32 and, in some cases, remote user interface 34. Remote user interface 34 may be integrated
into a variety of devices including but not limited to hand held communication devices (i.e,,
pagers, telephones, etc.) and computers. In general, user interface 32 and remote user
interface 34 may include input controls to affect operation of apparatus 20, such as but not
limited to a start and stop button to enable a user to start and terminate an operation of

apparatus 20. Configurations for input controls to affect operation of apparatus 20 as well as
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configurations to input other information into user interface 32 and remote user interface 34
may include any of those known in the art, including but not limited to touch sensor means,
audible means, and graphical user interfaces. As set forth in more detail below, user interface
32 and/or remote user interface 34 may, in some embodiments, include input controls
allowing selection of different disinfection modes conducted by the apparatus. In particular,
user interface 32 and/or remote user interface 34 may include input controls allowing
selection of a disinfection mode for primarily disinfecting a medium (such as objects and/or
air) inside chamber 24 and further a disinfection mode for primarily disinfecting a medium

exterior to chamber 24.

[6058] In any case, user interface 32, and in some cases remote user interface 34, may
additionally be configured to receive signals and output information pertaining to such
signals to a user in informative manner. Configurations to output the information may
include any visual display or audible means known in the art. Examples of information
output by user interface 32 and/or remote user interface 34 may include but are not limited to
notices to move germicidal source 22 and/or chamber 24 to a position to affect a particular
disinfection mode. In other cases, movement of germicidal source 22 and/or chamber 24 may
be automated and may be activated in response to a selected disinfection mode via user

interface 32 and/or remote user interface 34.

{0059] As described above, apparatus 20 1s configured to allow different modes of
operation to be conducted, specifically room/area disinfection processes exterior to the
apparatus and object and/or air disinfection processes interior to the apparatus. Some of such
configurations include, as described above, configurations of germicidal source 22 and/or
other components of apparatus 20 to distribute an effective amount of light in a spacious
manner to an ambient of a room when germicidal source 22 is exterior to chamber 24.
Additional configurations, as described above, include a port within chamber 24 to receive
germicidal source 22 and program instructions 28 for activating power circuitry 26 to operate
germicidal source 22 when the germicidal source is either encased within chamber 24 or
exterior to the chamber. Other configurations particularly to facilitate object and/or air
disinfection processes interior to the apparatus are shown and described in reference to Figs.

3 and 4.
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{0060} In particular, Fig. 3 illustrates an example configuration of chamber 24 including
loading port 70 and door 72 for the loading of objects into the interior of chamber 24. In
some cases, chamber 24 may include shelves 74 as shown in Fig. 3 or some other support
structure (e.g., perforated basket/s) within its interior for objects to be placed on. Any
number of support structures (e.g., shelves and/or baskets) may be used. In some
embodiments, particularly when germicidal source 22 includes a germicidal light source, the
support structures may be made of a material transparent to the germicidal light generated by
germicidal source 22 such that surfaces in contact with the support structures may be
disinfected. In any case, the support structures may be arranged anywhere within chamber 24
except the region which germicidal source 22 is to occupy. In some embodiments, support
structures may be attached to the interior side of door 72. In any case, chamber 24 may, in
some embodiments, include multiple loading ports and accompanying doors, particularly on
different sides of chamber 24. For example, chamber 24 may, in some cases, include loading
ports and accompanying doors on opposing sides of the chamber. It is noted that although
door 72 is shown as a hinged door, the apparatuses described herein are so limited. In
particular, door 72 may alternatively be a sliding door or a removable lid. Similarly, door 76
shown in Fig. 3 over port 42 may be a hinged or sliding door or a removable lid. In any case,
door 72 and/or door 76 may be manually actuated and/or apparatus 20 may include one or

more actuators to automate movement of the doors.

{0061] Yet another configuration to facilitate air disinfection processes interior to apparatus
20 1s to include an air moving device within the chamber such as shown in the example
configuration of chamber 24 in Fig. 4. In particular, Fig. 4 illustrates a cross-sectional view
of the interior of chamber 24 including air moving device 80 and air outlets 82. In general,
air moving device 80 is configured to drawn in air from the ambient of apparatus 20 and air
outlets 82 include filters to prevent germicide generated from germicidal source 22 inside
chamber 24 from escaping chamber 24. Air moving device 80 in chamber 24 of Fig. 4 1s
arranged within or is in alignment with an air inlet of chamber 24. In other embodiments,
however, air moving device 80 may be arranged apart from air inlet/s to chamber 24. For
example, air moving device 80 may be arranged adjacent to air outlets 82. Furthermore, the
placement of air inlet/s, air moving device 80 and air outlets 82 as well as the quantity thereof
in chamber 24 may differ from what is depicted in Fig. 4. In particular, chamber 24 may

include any number of air inlets, air moving devices and air outlets and they may be arranged

24



WO 2017/004238 PCT/US2016/040150

at any location along the sidewalls, floor and ceiling of chamber 24, depending on the design

specifications of chamber 24 and apparatus 20.

{0062] It 1s further noted when air moving device 80 and/or an air inlet is arranged within
the floor of chamber 24, apparatus 20 is configured such that air moving device 80 and/or the
air inlet can readily access and draw in air from an ambient of the apparatus. For example,
base 36, in such cases, may be annular and suspended above a floor of a room/area in which
the apparatus is arranged or base 36 may include a set of support legs (e.g., similar to legs of
a table). Alternatively, chamber 24 may be suspended above base 36. In any case, filtering
air coming into chamber 24 may improve the germicidal efficacy of germicidal source 22 in
chamber 24 and, thus, in some embodiments, the air inlet/s of chamber 24 may include filters.
In some cases, apparatus 20 may include dehumidifiers and/or cooling devices within
chamber 24 and/or adjacent to air inlet/s of chamber 24 (i.e., adjacent the air intake or air
outtake of the inlet/s) to control the humidity and temperature of the air disinfected in the
chamber by germicidal source 22. In particular, controlling the humidity and/or temperature
may improve the germicidal efficacy of germicidal source 22 in chamber 24 in addition to or
alternative to removal of particulate material in the air by a filter. In any case, air moving
device 80 may include any device configured to cause air to flow, including but not limited to
a fan or a turbine. In cases in which a turbine is used in the apparatuses described herein, the
turbine may be used to supply power to one or more components of the apparatuses,

including any of the components described herein or a battery of the apparatus.

{0063] Fig 4 further illustrates a variation to door 76 of Fig. 3 for closing port 42 when
germicidal source 22 is contained in chamber 24. In particular, Fig. 4 illustrates seal 84 along
the circumference of port 42. As described above, a housing comprising germicidal source
22 may slidingly pass through port 42 against seal 84 upon being drawn into chamber 24. In
such cases, apparatus 20 may be configured such that an upper portion of the housing is in
contact with seal 84 such that port 42 is closed when germicidal source 22 has been placed in
position within chamber 24 to conduct an air and/or object disinfection process. In some
embodiments, the device used to close port 42 (such as a door as described above in reference
to Fig. 3 or an upper portion of a housing comprising germicidal source 22 as described in
more detail below in reference to Fig. 4) may include an air outlet with a filter to prevent

germicide from escaping chamber 24. In cases in which germicidal source 22 includes an
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ultraviolet lamp, the device used to close port 42 may include an ozone filter, such as

described below in reference to Fig. 5.

[0064] In some embodiments, chamber 24 may include a plenum extending between port
42 and the opposing side of chamber 24 when air moving device 80 and/or an air inlet is
arranged in the vicinity of the opposing side of chamber 24. In general, the plenum 1s sized
to accommodate germicidal source 22 as well as a finite amount of space along the length of
the germicidal source such that air may be routed in close proximity to the germicidal source.
Having such a plenum in chamber 24 will reduce the volume of air disinfected for a given
flow rate of air through the chamber, but may offer higher germicidal efficacy as compared
embodiments in which a plenum is not used. In cases in which germicidal source 22 includes
a germicidal light source, the plenum may be made of a material transparent to the germicidal
light generated by germicidal source 22 such that objects placed in chamber 24 exterior to the

plenum may be disinfected at the same time air is disinfected within the plenum.

[6065] Segregating portions of chamber 24 for air disinfection and objection disinfection
via plenum may be advantageous in some cases to prevent objects from being displaced by
the air flow through the chamber. In particular, in some cases, the air flow through chamber
24 may be high enough to move objects placed within chamber 24 and, in some
embodiments, the movement of the objects may be great enough to damage the objects, the
chamber and/or germicidal source 22. In yet other embodiments, however, chamber 24 may
not include a plenum. In particular, the air flow through chamber 24 may not be great
enough to move objects therein or chamber 24 may not be used for object disinfection. In yet
other cases, germicidal source 22 may include a plenum as part of a housing surrounding its
source of germicide, such as described below in reference to the example configuration of

germicidal source 22 in Fig. 5.

{6066] It is noted that any of the features depicted in Fig. 3 and 4 may be combined and/or
variations of the features may be employed. For example, chamber 24 may, in some cases,
have a loading port, a door and an air moving device. In addition or alternatively, chamber
24 may have shelves of different size, shape or orientation than what is depicted in Fig. 3.
Consequently, chamber 24 is not limited to the depictions of Figs. 3 and 4. Furthermore, it is
noted that any of the components described in Fig. 1 for chamber 24 may be included in the

configurations described in reference Figs. 3 and 4. For instance, any of the chamber
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configurations described in reference to Figs. 3 and 4 may include power circuitry 26,
program instructions 28, processor 30, user interface 32, sensors 38, and/or support member
42. The noted components are not shown in Figs. 3 and 4 to simplify the drawings,
particularly to emphasize component configurations which may facilitate object and/or air

disinfection processes interior to the apparatus.

{86067] Asnoted above, Fig. 5 illustrates a configuration of germicidal source 22 having a
plenum as part of a housing surrounding its source of germicide. More specifically, Fig. 5
illustrates an example configuration of germicidal source 22 having germicidal light source
90 disposed within circumjacent barrier 92 and between air inlet 91 and air moving device
94, forming plenum 93 around germicidal light source 90. Circumjacent barrier 92 is made
of a material transparent to the germicidal light generated by germicidal light source 90 such
that the germicidal light may be transmitted exterior to germicidal source 22. Air moving
device 94 draws air into plenum 93 through air inlet 91 and discharges through air outlet 96.
In an alternative embodiment, air moving device 94 may be arranged in proximity to air inlet
91. In any case, air inlet 91 may include a filter to remove particular matter from an
incoming air stream. As noted above in reference to Fig. 4, removal particulate material from
air may improve the germicidal efficacy of an air disinfection process performed within
apparatus 20. Similar to the air inlets described in reference to chamber 24 of Fig. 4,
germicidal source 22 may, in some cases, include dehumidifiers and/or cooling devices
adjacent to its air inlet (i.e., adjacent the air intake or air outtake of the inlet) to control the
humidity and temperature of the incoming air to improve the germicidal efficacy of
germicidal source 22 in addition to or alternative to removal of particulate material in the air

by a filter.

[0068] In some cases, air outlet 96 may include an ozone reducing device, such as a carbon
filter or a device which produces free radicals catalysts that covert ozone to diatomic oxygen.
In particular, ozone may, in some cases, be created as a byproduct from the use of germicidal
light source 92, specifically if the lamp generates ultraviolet light of wavelengths shorter than
approximately 240 nm since such a spectrum of UV light causes oxygen atoms of oxygen
molecules to dissociate, starting the ozone generation process. Ozone is a known health and
air quality hazard and, thus, the release of it by devices is regulated. It is also known that
ozone is an effective germicidal agent and deodorizer and, thus, if the amount of ozone to be

generated by a discharge lamp is lower than the local/regional exposure limits for ozone, it
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may be beneficial to exclude an ozone reducing device from air outlet 96. In yet other cases,
air outlet 96 may have a portion with an ozone reducing device and a portion without an
ozone reducing device and further an air flow regulator to respectively route air through the
different portions depending on operating parameters and/or modes of disinfection processes
employed by apparatus 20. Examples of air outlets having such features are described in

more detail below in reference to Figs. 9a-10.

[0069] Regardless of whether air outlet 96 includes an ozone reducing device, it may, in
some cases, be advantageous for air outlet 96 to include an air filter to block light. In
particular, in embodiments in which the top portion of germicidal source 22 is used to close
port 42 of chamber 24 as described above in reference to Fig. 4, it will be generally
advantageous to have the germicidal light blocked through air outlet 96. In this manner,
germicidal light generated by germicidal light source 90 may be prevented from being
emitted from chamber 24 during disinfection processes conducted interior to the chamber. It
yet other embodiments, air outlet 96 need not have any air filter to block light. In particular,
apparatus 20 may, in some cases, be configured to encase germicidal source 22 within
chamber 24, including a housing surrounding its source of germicide. In such cases,
germicidal light generated by germicidal light source 90 may be prevented from being
emitted from chamber 24 during disinfection processes conducted interior to the chamber, but
may be transmitted into an ambient of apparatus 20 during disinfection processes conducted
exterior to the chamber. In any case, the purpose of air inlet 91, air moving device 94,
circumjacent barrier 92 and air outlet 96 within germicidal source 22 of Fig. 5 may be two-
fold, specifically that they may be together used to cool germicidal light source 90 as well as
enable air disinfection during disinfection processes conducted either interior or exterior to
the chamber. Furthermore, the configuration of germicidal source 22 in Fig. 5 may prevent
objects from being displaced during a disinfection process conducted interior to the chamber
as similarly described above for the incorporation of a plenum within chamber in reference to

Fig. 4.

{607¢] In addition to the aforementioned plenum configuration, Fig. 5 illustrates a feature
for germicidal source 22 which may be used to close port 42 of chamber. In particular, Fig. 5
illustrates protrusions 98 jutting out from an upper portion of germicidal source 22. In
general, protrusions 98 may come into contact with exterior portions of chamber 24 adjacent

to port 42 when germicidal source 22 is drawn into chamber 24 and/or chamber 24 is moved
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to encase germicidal source 22, effectively closing port 42. In some cases, portions of
chamber 24 adjacent to port 42 may include indentations to receive at least an underside of
protrusions 98. In other embodiments, however, germicidal source 22 may be void of
protrusions 98. In particular, germicidal source 22 may alternatively include a
circumferential seal around its upper portion to mate with port 42 as described above. In yet
other cases, chamber 24 may include a seal along the circumference of port 42 or chamber 24
may include a door to close port 42 such as described above in reference to Figs. 4 and 3,
respectively. Furthermore, it is noted that protrusions 98 are not exclusive to the
configuration of germicidal source 22 depicted in Fig. 5. Rather, protrusions 98 may be
included on any configuration of germicidal source 22. Moreover, protrusions need not be

limited to the trapezoidal configurations depicted in Fig. 5.

[0071] Fig S further illustrates additional germicidal sources 99 within plenum 93. As
described in more detail below in reference to Fig. 14, the apparatuses considered herein
may, in some embodiments, include program instructions for operating different subsets of
germicidal sources for different modes of operation of the apparatuses, specifically whether a
disinfection process is being conducted interior to the apparatus or exterior to the apparatus.
As such, the apparatuses described herein may, in some embodiments, include multiple
germicidal sources. In some cases, the apparatuses described herein may include different
types of germicidal sources. In particular, the apparatuses described herein may, in some
embodiments, include germicidal sources which differ in the type of germicide they generate
(i.e, aliquid, a vapor, a gas, a plasma or germicidal light). In addition or alternatively, the
apparatuses described herein may, in some embodiments, include germicidal sources which
differ in the manner in which they generate their germicide. For example, the apparatuses
described herein may include germicidal discharge lamps and germicidal light emitting diode
lamps. In yet other embodiments, the apparatuses described herein may additionally or
alternatively include germicidal light sources which differ in the optical properties of the light
they generate. For instance, the apparatuses described herein may include xenon discharge

lamps and mercury discharge lamps.

[6072] It noted that although additional germicidal sources 99 are shown in Fig. § along the
interior lower sidewalls of circumjacent barrier 92, their location is not necessarily so limited.
In particular, they may be located anywhere interior to plenum 93, including any portion of

its interior sidewall or along air moving device 94 or a base supporting discharge lamp 90.
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Moreover, additional germicidal sources 99 are not limited to being smaller than germicidal
light source 90 as depicted in Fig. 5. Rather, one or more of additional germicidal sources 99
may be of the same size or larger than germicidal light source 90. Furthermore, additional
germicidal sources 99 are not exclusive to the configuration of germicidal source 22 depicted
in Fig. 5 or to a germicidal source which has a housing around its source of germicide. In
particular, chamber 24 may additionally or alternatively include additional germicidal
sources. In further cases, however, apparatus 20 may not include any additional germicidal

sources (i.e., apparatus 20 may, in some cases, include a single germicidal source).

{0073] In embodiments in which an air moving device is incorporated within germicidal
source 22 and/or chamber 24 (such as described above in reference to Figs. 4 and 5), program
instructions 28 may include code executable by processor 30 for activating the air moving
device when germicidal source 22 is encased within chamber 24 as shown by block 100 in
Fig. 6. In some cases, particularly but not limited to when germicidal source 22 has an air
moving device incorporated therein, program instructions 28 may additionally include code
executable by processor 30 for activating the air moving device when germicidal source 22
extends outside of chamber 24 as shown by block 102 in Fig. 6. In some embodiments,
program instructions 28 for activating an air moving device when germicidal source 22
extends outside chamber 24 may include the same instructions as activating the air moving
device when germicidal source 22 is encased in chamber 24. More specifically, an air
moving device may be activated to operate at the same speed when germicidal source 22

extends outside chamber 24 and when germicidal source 22 is encased in chamber 24.

{0074] In other cases, program instructions 28 may include different instructions for
activating an air moving device in relation to whether germicidal source 22 extends outside
chamber 24 or is encased in chamber 24. For example, program instructions 28 may, in some
embodiments, include code executable by processor 30 for activating an air moving device to
respectively operate at different speeds when germicidal source 22 is encased with chamber
24 and when germicidal source 22 is not encased with chamber 24 as respectively denoted in
blocks 104 and 106 of Fig. 6. In particular embodiments, program instructions 28 may
include code executable by processor 30 for activating an air moving device to operate at a
higher speed when germicidal source 22 is encased with chamber 24 than when germicidal
source 22 is not encased with chamber 24. In particular, air disinfection processes conducted

within chamber 24 do not have the added benefit of disinfecting ambient air of apparatus 20
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(i.e., air not drawn into apparatus 20) as is done when germicidal source 22 extends exterior
to chamber 24 (i.e., through the transmission of germicide exterior to apparatus 20). Thus, it
may be advantageous to increase the air moving device speed when germicidal source 22 is

encased within chamber 24,

{6075] Asnoted above, air outlet 96 of germicidal source 22 depicted in Fig. 5 may, in
some embodiments, include an ozone reducing device and, in some cases, further include an
air flow regulator to respectively route air through a first passageway comprising the ozone
reducing device and a second passage way not including the ozone reducing device. In
general, the second passageway is either void of an ozone reducing device or comprises an
ozone reducing device having substantially less efficacy then the ozone reducing device in
the first passageway. It is noted that in some alternative embodiments, a door covering port
42 of chamber 24 (such as door 76 depicted in Fig. 3) may similarly include a portion with an
ozone reducing device and portion without the ozone reducing device and, in some cases, an
air flow regulator. In particular, in cases in which germicidal source 22 includes a UV light
source, ozone produced from the lamp may not be filtered when germicidal source 22 extends
exterior to the chamber and when apparatus 20 is operated within a vacated room/area. On
the contrary, when apparatus 20 is operated in an occupied room with germicidal source 22
encased in chamber 22, ozone produced from the UV light may be reduced due to regulatory
exposure limits and/or concerns of exposure by individuals occupying a room. As such, it
may be just as viable for a door covering port 42 to include ozone reducing device and, in
some cases, an air flow regulator instead of or in addition to germicidal source 22 including

such components.

{6076] In any case, an air flow regulator for respectively routing air through an ozone
reducing device and not through the ozone reducing device may generally be
activated/operated depending on operating parameters and/or modes of disinfection processes
employed by apparatus 20. For instance, program instructions 28 may, in some
embodiments, include code executable by processor 30 for controlling an air flow regulator
such that air is routed through a first passageway comprising an ozone reducing device when
the germicidal famp is encased in the chamber and air is routed through a second passageway
not including the ozone reducing device when the germicidal lamp extends outside the
chamber as respectively shown by blocks 110 and 112 in Fig. 7. In addition or alternatively,

program instructions 28 may include code executable by processor 30 for controlling an air
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flow regulator such that air is routed through the second passageway not including the ozone
reducing device during a first portion of a disinfection process and air is routed to through the
first passageway including the ozone reducing device during a second portion of the

disinfection process as respectively shown by blocks 114 and 116 in Fig. 7.

{6077} In general, controlling the air flow regulator in the latter manner allows ozone to be
generated at a relatively high level (e.g., a level which offers increased deodorizing and
disinfection effects) during a first portion of the disinfection cycle and then reduces ozone
generation during a finishing portion of the disinfection cycle such that the ozone
concentration in a room/area being disinfected is below a set value {e.g., the OSHA
PEL/TLV limit). Such code may be particularly suitable for operations of apparatus 20 in an
area/room which has been vacated, but it may be used in occupied areas and room as well,
particularly if the higher levels of generated ozone are not harmful to occupants. In any case,
the code may be activated when germicidal source 22 extends outside of chamber 24 or when
it is encased within chamber 24 (i.e., when apparatus 20 is operated to conduct a disinfection

process exterior or interior to chamber 24).

[0078] In some embodiments, program instructions 28 may include code for controlling an
air flow regulator based on the ozone concentration and/or the rate of ozone generation in a
room/area as shown by block 118 in Fig. 7. In particular, program instructions 28 may, in
some cases, include code for receiving information regarding ozone concentration and/or the
rate of ozone generation in a room/area from a sensor in the room/area and, in response,
controlling an air flow regulator such that air 1s routed through a first passageway comprising
an ozone reducing device when level of ozone concentration or ozone generation is greater
than a predetermined threshold and air is routed through a second passageway not including
the ozone reducing device when a level of ozone concentration or ozone generation is less
than the same or a different predetermined threshold. In some cases, control of the air flow
regulator may be further based on a run time set for a disinfection process, specifically
determining when to reduce ozone during a room/area disinfection process such that the
concentration of ozone in the roon/area at a designated time (e.g., the end of the disinfection
cycle or a set time after the end of the disinfection cycle) will be below a set value. In this

manner, the benefits of ozone generation may be increased/optimized for a given room.

32



WO 2017/004238 PCT/US2016/040150

{6079] In some cases, the sensor/s used to analyze the ozone concentration/rate of
generation may be attached to apparatus 20. In other cases, however, the sensor/s may be
positioned apart from apparatus 20, particularly a set distance from the apparatus to obtain
information more representative of the ozone concentration/rate of generation in the
room/area. An additional optional feature is to have the sensor/s monitor ozone degradation
and program instructions 28 determine based on degradation information from the sensor/s
whether a concentration of ozone in the room/area will be below a set value at a designated
time and, optionally, if it will not, controlling the air flow regulator to route air through the
ozone reducing device prior to a previously determined time to get the concentration of zone

in the room/area at the designated time below the set value.

[0080] Examples of air flow regulators which may be used in the apparatuses described
herein are shown in Figs. 8-10. It is noted that other air flow regulators may be considered
for the apparatuses described herein and, thus, options for air flow regulators should not be
limited to the depictions in the drawings. Furthermore, the configurations of passageways to
which air flow regulators selectively route air may vary among apparatuses and may be
different from those depicted in Figs. 9a-10. For example, the apparatuses described herein
could include a bypass line around an ozone reducing device (or a passageway comprising an
ozone reducing device). Other configurations can be considered as well. Fig. 8 shows air
flow regulator 120 including a top member of air blocking material 122 and two side
members extending downward from the ends of the top member each having an upper portion
of air permeable material 124 and a lower portion of air blocking material 122. An
alternative configuration would be to have air flow regulator 120 include a bottom member of
air permeable material connecting the bottom ends of its side portions, in addition or instead
of having a top member of air blocking material. In general, air blocking material 122 may
include any material sufficient to block the passage of air therethrough and air permeating
material 124 may include any configuration which allows passage of air therethrough, such as
a mesh or a permeated structure. 1t is noted that the portions of air blocking material 122 and
air permeable material 124 need not be equal on a given side member of air flow regulator
120 as depicted in Fig. 8. Furthermore, the air blocking material of the side members of air

flow regulator 120 need not be the same as the air blocking material of the top member.

[0081] In any case, to regulate air flow in the apparatuses described herein, air flow

regulator 120 is moved up and down to align air permeable material 124 of its side members
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with an ozone reducing device (or a passageway including an ozone reducing device) and a
passageway which does not include the ozone reducing device. Figs. 9a and 9b illustrate
such an operation of air flow regulator 120 in an example configuration of an apparatus
having an ozone reducing device. In particular, Fig. 9a illustrates a cross-sectional view of a
portion of apparatus 20 (e.g., in an upper portion of germicidal source 22 or in a door
covering port 42 of chamber 24) having air flow regulator 120 disposed therein such that air
permeable material 124 of its side members is aligned with ozone reducing device 126 (ora
passageway including ozone reducing device 126). In addition, Fig 9a illustrates air
blocking material 122 of the side members of air flow regulator 120 aligned with passageway
128 which does not include ozone reducing device 126. With such an arrangement and
placement of air flow regulator 120, air flow is directed through ozone reducing device 126

as denoted by the doubled arrow line.

[0082] Upon activation of an actuator coupled to air flow regulator 120 (such as in
response to activation of the actuator by program instructions 28 for any of the scenarios
described in reference to blocks 112, 114, and 118 in Fig. 7), air flow regulator 120 is moved
such that air permeable material 124 along its side members is aligned with passageway 128
as shown in Fig. 9b. In addition, air blocking material 122 of the side members of air flow
regulator 120 is aligned with ozone reducing device 126 (or a passageway including ozone
reducing device 126). As a result, air flow through the apparatus bypasses ozone reducing
device 126, as denoted by the doubled arrow line in Fig. 9b, and a higher concentration of
ozone is emitted into the ambient of the apparatus. In particular, the passageway 128 is either
void of an ozone reducing device or comprises an ozone reducing device having substantially
less efficacy than ozone reducing device 126. In some of the apparatuses described herein,
an actuator coupled to air flow regulator 120 may be activated to have air permeable material
124 partially aligned with both ozone reducing device 126 (or a passageway including ozone
reducing device 126) and passageway 128 to offer further control of ozone concentration
emitted from the apparatus. In some cases, program instructions 28 or an actuator coupled to
air flow regulator 120 may be contfigured to regulate a percentage to which air permeable
material 124 may be aligned with either of ozone reducing device 126 (or a passageway

including ozone reducing device 126) and passageway 128.

{0083] In any case, it is noted that the placement of ozone reducing device 126 (or a

passageway including ozone reducing device 126) and passageway 128 may be reversed (i.e.,
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ozone reducing device 126 (or a passageway including ozone reducing device 126) may
alternatively be disposed above passageway 128). In embodiments in which a carbon filter is
used as an ozone reducing device in conjunction with air flow regulator 120 and a surface of
the carbon filter borders passageway 128, an additional optional feature is to have the border
of the carbon filter coated with a material which prevents ozone passing through passageway
128 tfrom interacting with the filter. In embodiments in which a carbon filter is considered
for an ozone reducing device for the apparatuses described herein, an advantage of the
configuration of air flow regulator 120 relative to air flow regulator valve 130 described
below in reference to Fig. 10 is that the configuration of air flow regulator 120 enables a

larger carbon filter to be used, potentially increasing the life of the carbon filter.

{0084] Another air flow regulator which may be considered for the apparatuses described
herein is depicted in Fig. 10. In particular, Fig. 10 illustrates air flow regulator valve 130
positioned at an intersection of routing air through ozone reducing device 132 (or a
passageway including ozone reducing device 132) and routing air through passageway 134
which does not include ozone reducing device 132, In general, the passageway 134 is either
void of an ozone reducing device or comprises an ozone reducing device having substantially
less efficacy than ozone reducing device 132, Air flow regulator 130 may be configured such
that all air may be routed through ozone reducing device 132 (or a passageway including
ozone reducing device 132) or through passageway 134 at a given time. In further
embodiments, air flow regulator 130 may, in some cases, be configured to route air through
both ozone reducing device 132 (or a passageway including ozone reducing device 132) and
passageway 134 at given time. In some of such cases, air flow regulator 130 may be
configured to regulate a percentage of air routed through reducing device 132 (ora
passageway including ozone reducing device 123) and/or passageway 134 to offer further

control of ozone concentration emitted from the apparatus.

{0085] As noted above, the apparatuses presented herein include configurations for
conducting different disinfection modes exterior and interior to the apparatus, particularly
room/area disinfection processes exterior to the apparatus and object and/or air disinfection
processes interior to the apparatus. A commonality among the apparatuses is that they
include a moveable germicidal source and/or a moveable shield and program instructions for
activating power supply circuitry to operate the germicidal source. A number of different

configurations may be considered with such features, particularly for achieving the noted
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objective of being able to conduct disinfection processes interior and exterior to the
apparatus. As such, the apparatuses described herein are not restricted to the configuration of
apparatus 20 in Fig. 1. As described in more detail below, Figs. 11-13 illustrate some
alternative configurations of apparatuses configured for conducting different disinfection
processes interior and exterior to the apparatuses. However, as with apparatus 20 described
in reference to Fig. 1, the apparatuses described in reference to Figs. 11-13 are examples and
several other configurations may be considered. For example, a compilation of different

features from the apparatuses described in reference to Figs. 1 and 11-13 may be considered.

{0086] A notable difference between the apparatuses described in reference to Figs. 11-13
and apparatus 20 described in reference to Fig. 1 is that the shields of the apparatuses of Figs.
11-13 are not chambers. Rather, the apparatuses of Figs. 11-13 include shields which are
configured with other features of the apparatuses to form chambers to encase the germicidal
source/s of the apparatuses. Alternatively stated, the apparatuses of Figs. 11-13 include
shields which may be brought in proximity to germicidal source/s of the apparatuses (and/or
the germicidal source/s may be brought in proximity to the shields) such that germicide
projected from the germicidal source/s is substantially contained in the apparatus. In
addition, the shields and/or the germicidal source/s of Figs. 11-13 may be brought ocut of
proximity with each other such that germicide projected from the germicidal source/s is
projected exterior to the apparatus. Alternatively stated, the apparatuses of Figs. 11-13
include moveable shields and/or germicidal source/s such that the germicidal source/s may be
exposed to an ambient of the apparatus, in affect disassembling the chamber formed by the

shields and other features of the apparatuses when the germicidal sources are encased.

{6087] In any case, the apparatuses described in reference to Figs. 11-13 may include any
of the features described in reference to apparatus 20 of Fig. 1. In particular, the apparatuses
described in reference to Figs. 11-13 and any variations thereof may include power circuitry
26, program instructions 28, processor 30, user interface 32, remote user interface 34, base
36, sensor/s 38, sensor/s 48, support members 40, ports 42 and 70, doors 72 and 76, shelves
74, baskets, air moving devices 80 and 94, air inlets, air outlets 82, seal 84, circumjacent
barrier 92, ozone reducing device 96, protrusions 98, additional germicidal sources 99, air
flow regulator devices 120 and 130, and any variations thereof discussed in reference to
apparatus 20 of Fig. 1. Such features are not shown in the apparatuses of Figs. 11-13 to

simplify the drawings. Furthermore, such features are not described in reference to Figs. 11-
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13 for the sake of brevity. Moreover, the apparatuses described in reference to Figs. 11-13
and any variations thereof may include any of the specific program instructions described in
reference to Figs. 2, 6 and 7 as well as any variations thereof described in reference to Figs. 2,
6, and 7. The specific program instructions have not been reiterated for the apparatuses of
Figs. 11-13 for the sake of brevity. Yet further optional features for the apparatuses described
in reference to Figs. 11-13 and any variations thereof include wheels (motorized or not

motorized) and/or a handle to affect portability for the apparatus.

{0088] Tumingto Fig. 11, apparatus 140 is shown including germicidal sources 142
arranged in frame 144 with shield 146 retracted. In some cases, the backside of apparatus
140 may include a shield coupled to frame 144 similar to shield 146. In other embodiments,
the backside of apparatus 140 may include a backside panel spanning the areal dimension of
frame 144 to prevent emission of germicide from the backside of apparatus 140. In any case,
apparatus 140 may be mountable on a wall or a ceiling. Alternatively, apparatus 140 may be
a standalone device. In general, shield 146 1s moveable within apparatus 140, particularly to
enclose germicidal sources 142 within frame 144 for disinfection processes conducted
interior to frame 144 and further to expose germicidal sources 142 to an ambient of apparatus
140 for disinfection processes conducted exterior to frame 144. As shown in Fig. 11, shield
146 may, in some embodiments, be a roller shade or have some other retractable
configuration, such as an accordion configuration or a nested configuration. In such cases,
shield 146 may move along tracks within frame 144 traversing the length of the window
exposing germicidal sources 142 such that shield 146 may enclose germicidal sources 142
when closed. In other embodiments, shield 146 may include one or more hinged doors,
sliding doors or clamp-on removable covers. In any case, shield 146 may be manually

actuated and/or apparatus 140 may include an actuator to automate movement of shield 146.

{0089] It is noted that apparatus 140 is not restricted to the placement of shield 146 shown
in Fig. 11. In particular, shield 146 may be supported adjacent any edge of frame 144 and
extend to an opposing edge of the frame, including the top and bottom edges of frame 144.
Moreover, the dimensions and shape of frame 144 may vary from that depicted in Fig. 11.
More specifically, frame 144 is not limited to being rectangular and/or having the relatively
thin sidewalls depicted in Fig. 11. Furthermore, the orientation of apparatus 140 is not
limited to its longitudinal dimension being horizontal. Moreover, apparatus 140 1s not

limited to having multiple cylindrical germicidal sources orientated in the manner shown in
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Fig. 11. Rather, apparatus 140 may include any number, size, shape and orientation of
germicidal sources. Moreover, germicidal sources 142 may include the same type of
germicidal source or different types of germicidal sources. In some cases, apparatus 140 may
be configured to move one or more of germicidal sources 142 to extend out of frame 144 to
enhance distribution of germicide/s generated therefrom into an ambient of the apparatus. An
example configuration to offer such an option may include retractable tracks extending out
from frame 144 in alignment with germicidal sources 142, along which the germicidal

sources may be moved manually or by an actuator.

{0090] Furthermore, as noted above, apparatus 140 may include any of the features
described in reference to apparatus 20 of Fig. 1, including but not limited to air moving
devices, air inlets, air outlets, baskets and/or shelves. In general, air moving device/s, air
inlet/s, and air outlet/s may be arranged within any side of frame 144 and/or shield 146. In
addition or alternatively, air moving device/s may be arranged internal to frame 144,
particularly but not necessarily in alignment with air inlet/s or air outlet/s within the frame.

In any case, air moving device/s may be arranged upstream or downstream of an air stream
induced through frame 144 when closed. In some cases, apparatus 140 may include an air
moving device disposed at one end of at least one of germicidal sources 142 {and, in some
cases, include an air moving device disposed at the end of each of germicidal sources 142) to
induce an air stream which flows substantially parallel with the longitudinal dimension of the
germicidal sources, such as described for germicidal source 90 in reference to Fig. 5. In other
cases, apparatus 140 may have air moving devices arranged to induce an air stream that

transverses germicidal sources 142

{6091] Fig 12 illustrates a similar disinfection apparatus to apparatus 140, but differs by
the inclusion of a hinge between two sections of framed germicidal sources instead a shield
door. In particular, Fig. 12 illustrates apparatus 150 having germicidal sources 152 arranged
in framed sections 154 joined by hinge 156. In general, each of framed sections 154 includes
a backside panel spanning the areal dimension of the respective section to prevent emission
of germicide from the backside of apparatus 150. In some cases, one or both of framed
sections 154 may be mountable on a wall or a cetling. Alternatively, apparatus 150 may be a
standalone device. In any case, one or both of framed sections 154 are pivotal about hinge
156 such that forefront edges 158 of framed sections 154 may be brought into contact with

each other to enclose germicidal sources 152 for disinfection processes conducted interior to
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apparatus 150 and further that they may be disengaged to expose germicidal sources 152 to
an ambient of apparatus 150 for disinfection processes conducted exterior to frame sections
154. In this manner, one or both of framed sections 154 function as moveable shields within

apparatus 150 to form a chamber about germicidal sources 152.

{0092] In general, framed sections 154 may be configured to pivot any degree of rotation
about hinge 156, depending on the design specifications of apparatus 150. For instance, in
some cases, one or both of framed sections 154 may be configured such that forefront edges
158 are at a maximum 180 degrees relative to each other (i.e., framed sections 154 are
oriented in a line). In other cases, one or both of framed sections 154 may be configured such
that backside panels of framed sections 154 come into contact with each other. In any case,
the inclusion of hinge 156 within apparatus 150 may desirably offer a manner in which to
selectively direct germicide within a room/area for disinfection processes conducted exterior
to apparatus 150. One or both of framed sections 154 may be manually actuated and/or
apparatus 150 may include one or more actuators to automate movement of one or both of

framed sections 154.

{6093] Similar to frame 144 of apparatus 140 described in reference to Fig. 11, the
dimensions and shape of framed sections 154 may vary from that depicted in Fig. 12. More
specifically, framed sections 154 are not limited to being rectangular and/or having the
relatively thin sidewalls depicted in Fig. 12. Furthermore, the orientation of apparatus 150 is
not limited to framed sections 154 being horizontal displaced from each other (e.g., one of
framed sections 154 may be arranged above the other with hinge 154 arranged substantially
horizontally). Moreover, apparatus 150 is not limited to having multiple cylindrical
germicidal sources in each of framed sections 154 orientated in the manner shown in Fig. 12.
Rather, apparatus 150 may include any number, size, shape and orientation of germicidal
sources within each of framed sections 154. Moreover, germicidal sources 152 may include
the same type of germicidal source or different types of germicidal sources in one or both of
framed sections 154, Similar to apparatus 140 described in reference to Fig. 11, apparatus
150 may be configured to move one or more of germicidal sources 152 to extend out of
framed sections 154 to enhance distribution of germicide/s generated therefrom into an
ambient of the apparatus. An example configuration to offer such an option may include
retractable tracks extending out from framed sections 154 in alignment with germicidal

sources 152, along which the germicidal sources may move.
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[6094] Furthermore, as noted above, apparatus 150 may include any of the features
described in reference to apparatus 20 of Fig. 1, including but not limited to air moving
devices, air inlets, air outlets, baskets and/or shelves. In general, air moving device/s, air
inlet/s, and air outlet/s may be arranged within any side of framed sections 154. In addition
or alternatively, air moving device/s may be arranged internal to framed sections 154,
particularly but not necessarily in alignment with air inlet/s or air outlet/s within the frames.
Similar to apparatus 140 described in reference to Fig. 11, air moving device/s may be
arranged upstream or downstream of an air stream induced through framed sections 154
when closed. In some cases, apparatus 150 may include an air moving device disposed at one
end of at least one of germicidal sources 152 (and, in some cases, an air moving device
disposed at the ends of each of germicidal sources 152) to induce an air stream which flows
substantially parallel with the longitudinal dimension of the germicidal sources, such as
described for germicidal source 90 in reference to Fig. 5. In other cases, apparatus 150 may
have air moving devices arranged to induce an air stream that transverses germicidal sources

152

{6095] Fig 13 illustrates yet another configuration of an apparatus for conducting different
disinfection modes exterior and interior to the apparatus, particularly room/area disinfection
processes exterior to the apparatus and object and/or air disinfection processes interior to the
apparatus. In particular, Fig. 13 illustrates apparatus 160 having germicidal sources 162
arranged around reflector 164 between upper base 166 and lower base 168, In addition,
apparatus 160 includes shield 169 which is configured to attach to upper base 166 and/or
lower base 168 and wrap around germicidal sources 162 to enclose germicidal sources 162
for disinfection processes conducted interior to apparatus 160. On the contrary, detachment
of shield 169 from upper base 166 and/or lower base 168 exposes germicidal sources 162 to
an ambient of apparatus 160 for disinfection processes conducted exterior to apparatus 160,
Although not shown, shield 169 may include any type and any number of fasteners for
closing the open ends of the shield around germicidal sources 162 as well as attaching shield
169 to upper base 166 and lower base 168. In some cases, the fastener/s may have quick
release configurations to aid a user in connecting and disconnecting them easily and quickly.
In some embodiments, shield 169 may be made of a relatively lightweight material for ease
of mounting the shield on upper base 166 and lower base 168, In addition, shield 168 may, in

some cases, include a sturdy, but relatively pliable material and/or may include multiple
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sections which are joined with bendable interfaces to aid in wrapping the shield around

germicidal sources 162.

{0096] It 1s noted that shield 169 may include any shape, specifically shield 169 may
include any polygonal shape or shield 169 may be circular. In addition, shield 169 may
include any number of individual sections coupled together rather than be a single contiguous
piece as depicted in Fig. 13. Furthermore, shield 169 need not be completely removable from
upper base 166 and/or lower base 168. Rather, shield 169 may be fixedly attached at one or
more locations on upper base 166 and/or lower base 168 and may be foldable and/or
retractable in itself to minimize the area it occupies when it is not surrounding germicidal
lamps 162. For example, shield 169 may be a roller shade or have some other retractable
configuration, such as an accordion configuration or a nested configuration. In any case, the
dimensions and shape of the components comprising apparatus 160 may vary from that
depicted in Fig. 13. For example, apparatus 160 is not limited to having multiple cylindrical
germicidal sources orientated in the manner shown in Fig. 13. Rather, apparatus 160 may
include any number, size, shape and orientation of germicidal sources. In cases in which
apparatus 160 includes multiple germicidal sources, germicidal sources 162 may include the
same type of germicidal source or different types of germicidal sources. In addition, reflector
164, upper base 166 and lower base 168 are not limited to the configuration and relative
dimensions depicted in Fig. 13. For example, reflector 164 need not have an hour glass shape
and, in some cases, reflector 164 may be omitted from apparatus 160. Further yet, apparatus
160 is not limited to having wheels coupled to the bottom of lower base 168. In particular,

apparatus 160 may alternatively by a stationary device.

{86097] Furthermore, as noted above, apparatus 160 may include any of the features
described in reference to apparatus 20 of Fig. 1, including but not limited to air moving
devices, air inlets, air outlets, baskets and/or shelves. In general, air moving device/s, air
inlet/s, and air outlet/s may be arranged within shield 169, upper base 166 and/or lower base
168. In addition or alternatively, air moving device/s may be arranged within reflector 164 or
on a surface of reflector 164, shield 169, upper base 166 and/or lower base 168. In any case,
air moving device/s may be arranged upstream or downstream of an air stream induced
through shield 169 when closed. In some cases, apparatus 160 may include an air moving
device disposed at one end of at least one of germicidal sources 162 (and, in some cases, an

air moving device diposed at ends of each of germicidal sources 162) to induce an air stream
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which flows substantially parallel with the longitudinal dimension of the germicidal sources,
such as described for germicidal source 90 in reference to Fig. 5. In other cases, apparatus
160 may have air moving devices arranged to induce an air stream that transverses germicidal

sources 162.

[0098] Several examples of program instructions 28 for operating components of the
apparatuses presented herein are described in reference to Figs. 2, 6 and 7. Additional or
alternative program instructions, particularly flows of program instructions, which may be
considered for any of the apparatuses considered herein (i.e., apparatuses having
configurations for conducting interior and exterior disinfection processes) are shown in
flowcharts in Figs. 14-17. It is noted that the processes described in reference to Figs. 14-17
are not necessarily mutually exclusive to flow of program instructions depicted in those
figures. Furthermore, any of the program instructions described in reference to Figs. 2, 6 and
7 may be used in conjunction with each other or any of the program instructions included in
the flowcharts of Figs. 14-17.

{6099] Fig 14 illustrates a flowchart including block 170 at which input is received from
an electronic user interface to start operation of a disinfection apparatus. Upon receipt of
such input a determination i1s made at block 172 as to whether a germicidal source is encased
in a chamber of the apparatus. Alternatively, a determination may be made as to whether the
germicidal source is exterior to the chamber (and/or whether the germicidal source is
arranged in proximity of a shield of the apparatus). In either case, upon an affirmative
determination at block 172, the power circuitry of the apparatuses may be activated in one or
two manners as denoted in blocks 174 and 176. Furthermore, upon determining the condition
at block 172 is not true, the power circuitry of the apparatuses may be activated in one or two
manners as denoted in blocks 178 and 177, each of which respectively differ but yet correlate

to the instructions set forth in blocks 174 and 176.

{0100] In particular, in embodiments in which the apparatus includes multiple disinfection
sources, the power circuitry of the apparatus may be activated, upon an affirmative
determination at block 172, to selectively operate a subset of the disinfection sources for a
disinfection process as denoted in block 174. Conversely, upon determining the condition set
forth in block 172 1s not true, the power circuitry of the same apparatus may be activated to
selectively operate a different subset of the disinfection sources for a disinfection process as

denoted in block 178. In some cases, the subset of the multiple germicidal sources activated
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in block 174 may include at least one germicidal source that generates a different germicide
than at least one of the germicidal sources of the subset activated in block 178. In additional
or alternative embodiments, the subset of the germicidal sources activated in block 174 may
include at least one germicidal source that generates its germicide in a manuner different than
at least one of the germicidal sources of the subset activated in block 178. For example, the
subset of the germicidal sources activated in block 174 may include light emitting diode
lamp/s and the subset of germicidal sources activated in block 178 may include discharge

lamp/s or vice versa.

{0101] In vet other embodiments in which the subsets of germicidal sources activated for
the processes depicted in blocks 174 and 178 each include germicidal lamps, the germicidal
lamps may differ in the optical properties of the light they generate. For instance, the subset
of the germicidal sources activated in block 174 may include mercury discharge lamp/s and
the subset of germicidal sources activated in block 178 may include xenon discharge lamp/s
or vice versa. Other variances between one or more of the germicidal sources of the different
subsets may be considered as well, such as but not limited to size, shape and intensity of
germicidal dispersal. In any case, regardless of the type of variance between the germicidal
sources of the different subsets activated with respect to blocks 174 and 178, in some
embodiments, each germicidal source of the one subset may differ from all of the germicidal
sources of the other subset. In yet other cases, the type and configuration of germicidal
sources of the different subsets may not vary. In any case, the term subset as used herein
refers to any number of elements (i.e., one or more) of a group which is less than all elements

of the group.

{6102] Another option for activating power circuitry of an apparatus upon determination of
the relative location of a germicidal lamp within the apparatus at block 172 is to activate the
power circuitry in accordance with different operating parameters for the apparatus as set
forth in blocks 176 and 177. In particular, upon an affirmative determination at block 172,
the power circuitry of an apparatus may be activated in accordance with a predetermined set
of operating parameters for the apparatus as denoted in block 176. In addition, upon
determining the condition set forth in block 172 is not true, the power circuitry of the same
apparatus may be activated in accordance with a different predetermined set of operating
parameters for the apparatus as denoted in block 177. Such processes may be conducted in

addition or alternative to the processes set forth in blocks 174 and 178. Furthermore, the
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processes of blocks 176 and 177 may be conducted in apparatuses having a single germicidal

source or multiple germicidal sources.

{0103] In any case, the different sets of predetermined operating parameters referenced in
blocks 174 and 178 may include any number of different operating parameters and may
include any of the variances of operating parameters described above in reference to Figs. 2,
6 and 7, including but not limited to applying different amounts of power to the germicidal
source/s, applying power to the germicidal source/s for different durations, applying trigger
voltages at different frequencies, activating a fan to operate a different speeds, and
controlling an air flow regulator to route air through different passageways. In yet other
embodiments, one of the sets of operating parameters may include a parameter for a
particular variable (such as but not limited to fan speed) and the other set of operating
parameters may be void of instructions for that variable. Such a scenario may be
advantageous when a component is used for a particular disinfection mode, but is not used for

other disinfection modes.

[0104] Tuming to Fig. 15, another flowchart is shown of processes that may be performed
by any of the apparatuses described herein. In particular, Fig. 15 shows block 180 at which
input is received regarding a selected disinfection mode, particularly from a user interface of
a disinfection apparatus. In general, the input may be indicative of either of a disinfection
mode for primarily disinfecting a medium inside the apparatus or a disinfection mode for
primarily disinfecting a medium exterior to the apparatus. In some embodiments, the input
may be more specific to the medium to be disinfected. For example, the input may be
indicative of either a disinfection mode for primarily disinfecting air interior to the apparatus
or a disinfection mode for primarily disinfecting a room/area. In other embodiments, the
input may be indicative of either a disinfection mode for primarily disinfecting objects
interior to the apparatus or a disinfection mode for primarily disinfecting a room/area. In yet
other embodiments, the input may be indicative of a disinfection mode selected from more
than two disinfection modes. For instance, the input may be indicative of a disinfection mode
for primarily disinfecting air interior to the apparatus, a disinfection mode for primarily
disinfection objects interior to the apparatus, or a disinfection mode for primarily disinfecting
a room/area. In any case, the user interface of the disinfection apparatus may include any
number and type of input controls to allow selection of the ditferent disinfection modes

offered by an apparatus. For example, the input controls may be touch contacts (e.g., buttons
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or touch screen activated pads) or may be audio controlled. Furthermore, the options of the
different modes offered by an apparatus may be displayed to a user in any manner known in
the art, including but not necessarily limited to alphanumerical characters, numerals and/or

pictures.

{0105] In some embodiments, upon receiving the input regarding the selected disinfection
mode, a determination is made as to whether the selected disinfection mode is for primarily
disinfecting a medium inside the apparatus as shown by block 181. In other embodiments, a
determination may be made as to whether the selected disinfection mode 1s for primarily
disinfecting a medium outside the apparatus. In such latter cases, it would be apparent to one
skilled in the art that the processes following an affirmative determination and a
determination which is not true would be reversed relative to what is shown in Fig. 15, In yet
other cases, the process of block 181 may be omitted and input regarding selected
disinfection modes for primarily disinfecting a medium inside and outside the apparatus may
automatically continue to blocks 182 and 192, respectively. In any case, at blocks 182 and
192, a determination is made as to whether a germicidal source of the apparatus is encased in
a chamber of the apparatus. Alternatively, a determination may be made as to whether the
germicidal source is exposed to an ambient of the apparatus. In such latter cases, it would be
apparent to one skilled in the art that the processes following an affirmative determination

and a determination which is not true would be reversed relative to what is shown in Fig. 15.

[0106] As shown in Fig. 15, if a determination 1s made at block 182 that the germicidal
source is not encased within a chamber of the apparatus, a correction action may be activated
to move the germicidal source and/or a shield of the apparatus such that the germicidal source
is encased in a chamber of the apparatus as denoted in block 184. In some embodiments, the
corrective action may a notification to a user of the apparatus to move the appropriate
component (such as via the user interface on the apparatus or via the remote user interface).
The notification may be in any form known in the art, including a visual display or an audible
sound/instruction. In other embodiments, the corrective action may be automated movement
of the germicidal source and/or the shield to form a chamber with the germicidal source
therein. In such cases, the corrective action may be to activate actuator/s coupled to the

germicidal source and/or the shield to affect their movement.
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{0107} In any case, upon the germicidal source and/or the shield being moved to form a
chamber in which the germicidal source is encased (via automated movement or via manual
movement with receipt of a confirmation signal that the component/s were moved), one or
two of the processes denoted in blocks 186 and 188 may be conducted. The processes
denoted in blocks 186 and 188 are the same processes denoted in blocks 174 and 176 of Fig.
14. The description of such processes in reference to Fig. 14 is referenced for blocks 186 and
188 and is not reiterated for the sake of brevity. In some cases, for assurance purposes, a
determination may be made as to whether the germicidal source is encased in the chamber at
block 182 after the germicidal source and/or the shield has been moved to form a chamber in
reference to the corrective action activated in block 184. In such cases, upon an affirmative
determination at block 182, one or both of the process denoted in blocks 186 and 188 may be

conducted.

{0108] Tuming to block 192, if a determination is made that the germicidal source is
encased within a chamber of the apparatus, a correction action may be activated to move the
germicidal source and/or a shield of the apparatus such that the germicidal source is exposed
to an ambient of the apparatus as denoted in block 194. Similar to the corrective action
discussed in reference to block 184, the corrective action may a notification to a user of the
apparatus to move the appropriate component {(such as via the user interface on the apparatus
or via the remote user interface). In other embodiments, the corrective action may be
automated movement of the germicidal source and/or the shield to form a chamber with the
germicidal source therein.

In any case, upon the germicidal source and/or the shield being moved to such that the
germicidal source is exposed to an ambient of the apparatus (via automated movement or via
manual movement with receipt of a confirmation signal that the component/s were moved),
one or two of the processes denoted in blocks 196 and 198 may be conducted. The processes
denoted in blocks 196 and 198 are the same processes denoted in blocks 177 and 178 of Fig.
14. The description of such processes in reference to Fig. 14 is referenced for blocks 196 and
198 and is not reiterated for the sake of brevity. In some cases, for assurance purposes, a
determination may be made as to whether the germicidal source is encased in the chamber at
block 192 after the germicidal source and/or the shield has been moved to expose the
germicidal source to an ambient of the apparatus in reference to the corrective action

activated in block 194. In such cases, upon a determination that the germicidal source is not
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encased within a chamber, one or both of the process denoted in blocks 196 and 198 may be

conducted.

[0109] In some cases, an apparatus may switch between disinfection modes based on
whether motion and/or occupancy is detected in a room or an area. Figs. 16 and 17 illustrate
flowcharts of processes facilitating such an objective. In particular, Fig. 16 shows block 200
in which a motion sensor and/or an occupancy sensor is activated to operate when the
germicidal source extends outside of the apparatus. The activation may generally be
conducted before the germicidal source is activated to operate. At block 202, a determination
is made as to whether motion or occupancy is detected during a predetermined duration. As
shown by block 204, if motion or occupancy is detected, operation of the germicidal source is
inhibited. Conversely, if motion or occupancy is not detected during the predetermined
amount of time, a power circuit of the apparatus is activated to operate the germicidal source

as denoted in block 206.

{0116] Subsequent to commencing operation of the germicidal source, a determination s
made at block 208 as to whether motion or occupancy is detected for a predetermined
duration. If no motion or occupancy is detected during the predetermined amount of time,
the power circuit continues to supply power to the germicidal source at block 206 for a
room/area disinfection process and motion and/or occupancy continues to be monitored at
block 208. In cases in which motion or occupancy is detected, operation of the germicidal
source is terminated as denoted in block 210. Upon operation of the germicidal source being
terminated in reference to block 210 or upon its operation being inhibited in reference to
block 204, an actuator coupled to the germicidal source is activated and/or an actuator
coupled to a shield of the apparatus is activated to reposition the coupled component/s such
that the germicidal source is contained in a chamber of the apparatus as denoted in block 212.
Subsequent thereto, the power circuit of the apparatus may be activated to operate the
germicidal source as denoted in block 214 for a disinfection process conducted interior to the

apparatus.

[0111] An alternative set of processes which may induce an apparatus to switch between
disinfection modes based on whether motion and/or occupancy is detected in a room or an
area is illustrated in Fig. 17. In particular, Fig. 17 shows block 220 in which power circuitry

of a disinfection apparatus is activated to operate a germicidal source of the apparatus when
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the germicidal source is encased within the apparatus. Block 222 shows a motion sensor
and/or an occupancy sensor is activated to operate subsequent to block 220, but it is noted
that the order of blocks 220 and 222 may be reversed. In particular, the power circuitry of the
apparatus may be activated to operate the germicidal source subsequent to the motion sensor
and/or occupancy sensor being activated. In other embodiments, the germicidal source and

the motion sensor and/or occupancy sensor may be activated to operate at the same time.

[0112] In any case, as denoted in block 224, a determination is made as to whether motion
or occupancy has been detected for a predetermined duration. In cases when motion or
occupancy has been detected, the power circuit continues to supply power to the germicidal
source for an interior disinfection process for block 220 and motion and/or occupancy
continues to be monitored for block 222, Upon not detecting movement and/or occupancy
for the preset duration, an actuator coupled to the germicidal source is activated and/or an
actuator coupled to a shield of the apparatus is activated to reposition the noted component/s
such that the germicidal source is exposed to an ambient of the apparatus as denoted in block
226. In some cases, operation of the germicidal source may continue while the germicidal
source and/or shield are moved. In yet other embodiments, operation of the germicidal
source may be terminated upon not detecting movement and/or occupancy for the preset

duration and then reactivated once the actuator/s have moved the appropriate component/s.

{0113] It will be appreciated to those skilled in the art having the benefit of this disclosure
that this invention is believed to provide apparatuses used for disinfecting surfaces, objects
and/or air interior to the apparatuses and exterior to the apparatuses. Further modifications
and alternative embodiments of various aspects of the invention will be apparent to those
skilled in the art in view of this description. For example, several configurations of
apparatuses are described herein for achieving the noted objective, but the apparatuses
considered herein are not necessarily limited to such configurations. Several other
configurations may be considered for achieving the noted objective. Accordingly, this
description is to be construed as illustrative only and is for the purpose of teaching those
skilled in the art the general manner of carrying out the invention. It is to be understood that
the forms of the invention shown and described herein are to be taken as the presently
preferred embodiments. Elements and materials may be substituted for those illustrated and
described herein, parts and processes may be reversed, and certain features of the invention

may be utilized independently, all as would be apparent to one skilled in the art after having
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the benefit of this description of the invention. Changes may be made in the elements
described herein without departing from the spirit and scope of the invention as described in
the following claims. The term “approximately” as used herein refers to variations of up to

+/- 5% of the stated number.
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WHAT IS CLAIMED I8S:

L. An apparatus, comprising:

a germicidal source;

a power circuit coupled to the germicidal source;

a chamber dimensionally configured to contain the germicidal source, wherein the
chamber is arranged within the apparatus such that a port of the chamber
which is dimensionally configured to receive the germicidal source is in linear
alignment with the germicidal source, and wherein the germicidal source
and/or the chamber are linearly displaceable within the apparatus such that the
germicidal source may be contained within the chamber and may be at least
partially arranged exterior to the chamber for respectively different modes of
operation for the apparatus;

a processor; and

a storage medium having program instructions which are executable by the processor
for:
activating the power circuit to operate the germicidal source when the

germicidal source extends outside the chamber; and
activating the power circuit to operate the germicidal source when the

germicidal source is encased within the chamber.

2. The apparatus of claims 1, wherein the germicidal source is a germicidal lamp.

3. The apparatus of claim 2, further comprising:

a transparent barrier circumjacent the germicidal lamp forming a plenum about the
germicidal lamp; and

an air moving device disposed within the apparatus to draw air into the plenum, and
wherein the storage medium comprises further program instructions for:
activating the air moving device when the germicidal lamp extends outside the

chamber; and

activating the air moving device when the germicidal lamp is encased within

the chamber.
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4. The apparatus of claim 3, wherein the program instructions for activating the air
moving device when the germicidal lamp extends outside the chamber comprises program
instructions for activating the air moving device to operate at a set speed, and wherein the
program instructions for activating the air moving device when the germicidal lamp is
encased in the chamber comprises program instructions for activating the air moving device

to operate at a different speed than the set speed.

¥,

The apparatus of any of claims 3-4, further comprising:

first and second passageways disposed in proximity to an outlet of the plenum to
receive air from the outlet, wherein the first passageway comprises an ozone
reducing device; and

an air flow regulator arranged and configured between the outlet and the first and
second passageways to selectively allow air flow through the first passageway
and selectively allow air flow through the second passageway, wherein the
storage medium comprises program instructions for controlling the air flow
regulator such that:
air is routed through the first passageway when the germicidal lamp is encased

within the chamber; and

air is routed through the second passageway when the germicidal lamp

extends outside the chamber.

6. The apparatus of any of claims 1-2, further comprising an air moving device disposed
within the apparatus to draw air into the chamber, wherein the storage medium comprises
further program instructions for activating the air moving device when the germicidal source

is encased within the chamber.

7. The apparatus of any of claims 1-6, wherein the program instructions for said
activating the power circuit to operate the germicidal source when the germicidal source
extends outside the chamber comprises program instructions for activating the power supply
circuit to supply a set amount of power to the germicidal source, and wherein the program
instructions for said activating the power circuit to operate the germicidal source when the
germicidal source is encased within the chamber comprises program instructions for
activating the power supply circuit to supply a different amount of power to the germicidal

source than the set amount.
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8. The apparatus of any of claims 1-7, wherein the chamber comprises:

a door along its exterior surface accessing an interior portion of the chamber in which
the germicidal source may be contained upon linear displacement of the
germicidal source and/or the chamber; and

one or more shelves and/or baskets arranged within the interior portion of the

chamber.

9. The apparatus of any of claims 1-8, further comprising:

a sensor to determine whether the germicidal source is encased within the chamber
and/or determine whether the germicidal source extends outside the chamber;
and

an electronic user interface, wherein the storage medium further comprises program
instructions for:
receiving input from the electronic user interface to start operation of the

apparatus; and
upon receiving the input, determining from the sensor whether the germicidal

source is encased in the chamber or extends outside the chamber.

10. The apparatus of claim 9, wherein the storage medium comprises further program
instructions for:
activating a corrective action to move the germicidal source and/or the chamber such
that the germicidal source extends outside of the chamber; and
activating a corrective action to move the germicidal source and/or the chamber such

that the germicidal source is contained within the chamber.

11.  The apparatus of claim 10, wherein the electronic user interface comprises input
controls allowing selection of different disinfection modes conducted by the apparatus,
wherein the different disinfection modes comprise a first disinfection mode for primarily
disinfecting a medium in the chamber and a second disinfection mode for primarily
disinfecting a medium exterior to the apparatus, wherein the program instructions for
recetving input from the electronic user interface comprise receiving input regarding a

selected disinfection mode, and wherein:
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the program instructions for said activating the corrective action for the germicidal
source and/or the chamber to be repositioned such that the germicidal source
extends outside the chamber is conducted upon receiving input of the second
disinfection mode and determining the germicidal source is encased in the
chamber;

the program instructions for said activating the power circuit to operate the germicidal
source when the germicidal source extends outside the chamber is conducted
upon receiving input of the second disinfection mode and determining the
germicidal source 15 not encased in the chamber;

the program instructions for said activating the corrective action for the germicidal
source and/or the chamber to be repositioned such that the germicidal source is
contained in the chamber is conducted upon receiving input of the first
disinfection mode and determining the germicidal source is not encased in the
chamber; and

the program instructions for said activating the power circuit to operate the germicidal
source when the germicidal source is encased within the chamber is conducted
upon receiving input of the first disinfection mode and determining the

germicidal source is encased in the chamber.

12. The apparatus of any of claims 10-11, further comprising:
an additional sensor to detect movement and/or occupancy within an ambient of the
apparatus; and
a linear actuator coupled to the germicidal source or to the chamber, wherein the
program instructions for activating the corrective actions for the germicidal
source and/or the chamber to be repositioned within the apparatus comprise
activating the linear actuator; and
wherein the storage medium further comprises program instructions for:
activating the additional sensor to operate when the germicidal source extends
outside the chamber but prior to said activating the power circuit to
operate the germicidal source when the germicidal source extends
outside the chamber;
inhibiting activation of the power circuit to operate the germicidal source upon

the additional sensor detecting movement and/or occupancy prior to
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said activating the power circuit to operate the germicidal source
when the germicidal source extends outside the chamber; and

terminating operation of the germicidal source upon the additional sensor
detecting movement and/or occupancy subsequent to said activating
the power circuit to operate the germicidal source when the
germicidal source extends outside the chamber;

wherein the program instructions for said activating the linear actuator to

reposition the germicidal source and/or the chamber such that the
germicidal source is contained in the chamber and said activating the
power circuit to operate the germicidal source when the germicidal
source is encased in the chamber are conducted upon said inhibiting
activation of the germicidal source or upon said terminating operation

of the germicidal source.

13.  The apparatus of any of claims 6-11, wherein the germicidal source is a source of

germicidal plasma, germicidal vapor, germicidal liquid, and/or germicidal gas.

14.  An apparatus, comprising:
a germictidal source;
power supply circuitry coupled to the germicidal source;
a shield, wherein the shield and/or the germicidal source are moveable within the
apparatus and the apparatus is configured such that:
the shield and/or the germicidal source may be brought in proximity to the
other such that germicide projected from the germicidal source is
substantially contained in the apparatus; and

the shield and/or the germicidal source may be brought out of proximity with
the other such that germicide projected from the germicidal source is
projected exterior to the apparatus;

a sensor to detect whether the germicidal source and the shield are said in proximity
with each other and/or to detect whether the germicidal source and the shield
are said out of proximity with each other;

an electronic user interface comprising input controls allowing selection of different
disinfection modes conducted by the apparatus, wherein the different

disinfection modes comprise a first disinfection mode for primarily
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disinfecting a medium inside the apparatus and a second disinfection mode for
primarily disinfecting a medium exterior to the apparatus;
a processor; and
a storage medium having program instructions which are executable by the processor
for:
receiving input from the electronic user interface regarding a selected
disinfection mode;
upon receiving input of the first disinfection mode:
determining whether the shield and the germicidal source are said in
proximity with each other or said out of proximity with each
other;
upon determining the shield and the germicidal source are said out of
proximity with each other, activating a corrective action for the
germicidal source and/or the shield to be moved said in
proximity with the other; and
upon determining the shield and the germicidal source are said in
proximity with each other, activating the power supply
circuitry in accordance with a predetermined first set of
operating parameters for the apparatus; and
upon receiving input of the second disinfection mode:
determining whether the shield and the germicidal source are said in
proximity with each other or said out of proximity with each
other;
upon determining the shield and the germicidal source are said in
proximity with each other, activating a corrective action for the
germicidal source and/or the shield to be moved said out of
proximity with the other; and
upon determining the shield and the germicidal source are said out of
proximity with each other, activating the power supply
circuitry in accordance with a predetermined second set of
operating parameters for the apparatus different from the first

set of operating parameters.

I5. The apparatus of claim 14, further comprising:
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a sensor to detect movement and/or occupancy within an ambient of the apparatus;
and
an actuator coupled to the germicidal source or to the shield, wherein the program
instructions for activating the corrective actions for the germicidal source
and/or the shield to be moved within the apparatus comprise activating the
actuator; and
wherein the storage medium further comprises program instructions for:
activating the sensor to operate upon receiving input of the first disinfection
mode; and
upon not detecting movement and/or occupancy for a preset duration,
activating the actuator to move the germicidal source or the shield out

of said proximity with the other.

16.  The apparatus of any of claims 14-15, wherein the germicidal source is one of a
plurality of germicidal sources of the apparatus coupled to the power supply circuitry, and
wherein the storage medium comprises program instructions for:
activating the power supply circuitry to selectively operate a subset of the multiple
germicidal sources upon receiving input of the first disinfection mode and
upon determining the shield and the germicidal source are in proximity with
each other; and
activating the power supply circuitry to selectively operate a different subset of the
multiple germicidal sources upon receiving input of the second disinfection
mode and upon determining the shield and the germicidal source are not in

proximity with each other.

17.  The apparatus of any of claims 14-16, wherein the first disinfection mode comprises a
first subset disinfection mode for primarily disinfecting air inside the apparatus and a second

subset disinfection mode tor primarily disinfecting one or more objects inside the apparatus.
18.  An apparatus, comprising:

a germicidal source;

power supply circuitry coupled to the germicidal source;
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a shield configured in accompaniment with other features of the apparatus to form a
chamber sufficient to encase the germicidal source, wherein the shield and/or
the germicidal source are moveable within the apparatus such that:
the germicidal source may be encased within the chamber during operation of
the apparatus; and either

the germicidal source may be arranged exterior to the chamber during
operation of the apparatus; or

the chamber is disassembled by movement of the shield and the germicidal
source is exposed to an ambient of the apparatus during operation of
the apparatus;
a sensor to detect whether the germicidal source is encased in the chamber and/or to
detect whether the germicidal source is not encased in the chamber;
an electronic user interface;
a processor; and
a storage medium having program instructions which are executable by the processor
for:
receiving input from the electronic user interface to start operation of the
apparatus;

upon receiving the input, determining from the sensor whether the germicidal
source 1s encased in the chamber or is not encased in the chamber;

upon determining the germicidal source is encased within the chamber,
activating the power supply circuitry 1n accordance with a
predetermined first set of operating parameters for the apparatus; and

upon determining the germicidal source is not encased in the chamber,
activating the power supply circuitry in accordance with a
predetermined second set of operating parameters for the apparatus

different from the first set of operating parameters.
19.  The apparatus of any of claims 14-18, wherein the predetermined first and second sets

of operating parameters comprise different amounts of power supplied from the power supply

circuitry to operate the germicidal source.
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20. The apparatus of claim 19, wherein the predetermined first set of operating
parameters comprises a lower amount of power to operate the germicidal source than the
predetermined second set of operating parameters.

21.  The apparatus of any of claims 14-20, wherein the predetermined first and second sets

of operating parameters comprise different durations for operating the germicidal source.

22, The apparatus of any of claims 14-21, wherein the germicidal source is a pulsed
germicidal source, and wherein the predetermined first and second sets of operating

parameters comprise different frequencies to pulse operation of the germicidal source.

23. The apparatus of any of claims 14-22, further comprising an air moving device

disposed within the apparatus to draw air into the apparatus.

24.  The apparatus of claim 23, wherein the predetermined first and second sets of

operating parameters comprise different speeds at which to operate the air moving device.

25.  The apparatus of claim 24, wherein the predetermined first set of operating
parameters comprises a higher speed to operate the air moving device than the predetermined

second set of operating parameters.

26. The apparatus of claim 23, wherein the storage medium is void of program
instructions for activating the air moving device in accordance with the predetermined second

set of operating parameters.

27. The apparatus of any of claims 23-26, wherein the shield is a chamber, and wherein
the chamber comprises:

a port dimensionally configured to receive the germicidal source; and

a plenum extending between the port and the air moving device and/or an air inlet of

the chamber.

28. The apparatus of claim 26, wherein the germicidal source is a germicidal lamp, and
wherein the plenum comprises sidewalls that are transparent to germicidal light projected

from the germicidal lamp.
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29, The apparatus of any of claims 23-26, wherein the germicidal source is a germicidal
lamp, wherein the apparatus further comprises a transparent barrier circumjacent the
germicidal lamp forming a plenum around the germicidal lamp, and wherein the air moving

device is arranged within the apparatus to draw air into the plenum.

30.  The apparatus of any of claims 14-27, wherein the germicidal source is a germicidal
lamp.
31 The apparatus of claim 30, wherein the germicidal lamp 1s an ultraviolet lamp, and

wherein the apparatus further comprises:
an air moving device to draw air into the apparatus;
first and second air outlets, wherein the first air outlet comprises an ozone reducing
device; and
an air flow regulator arranged and configured to selectively allow air flow through the
first air outlet and selectively allow air flow through the second air cutlet,
wherein the storage medium comprises program instructions for controlling the
air flow regulator such that:
air is routed through the first air outlet when the power supply circuitry is
activated in accordance with the predetermined first set of operating
parameters; and
air is routed through the second air outlet when the power supply circuitry is
activated in accordance with the predetermined second set of operating

parameters.

32.  The apparatus of any of claims 14-27, wherein the germicidal source is a source of

germicidal plasma, germicidal vapor, germicidal liquid, and/or germicidal gas.

33. The apparatus of any of claims 14-32, further comprising:
an additional sensor to detect movement and/or occupancy within an ambient of the
apparatus; and
an actuator coupled to the germicidal source or to the shield, wherein the program

instructions for activating the corrective actions for the germicidal source
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and/or the shield to be moved within the apparatus comprise activating the
actuator; and
wherein the storage medium further comprises program instructions for:
activating the additional sensor to operate prior to activating the power supply
circuitry in accordance with a predetermined second set of operating
parameters;
inhibiting activation of the power supply circuitry upon the additional sensor
detecting movement and/or occupancy prior to said activating the
power supply circuitry in accordance with a predetermined second set
of operating parameters;
terminating operation of the germicidal source upon the additional sensor
detecting movement and/or occupancy subsequent to said activating
the power supply circuitry in accordance with a predetermined second
set of operating parameters;
upon said inhibiting activation of the power supply circuitry or terminating
operation of the germicidal source, activating the actuator such that
the shield and the germicidal source are said in proximity with each
other; and
subsequently activating the power supply circuitry to operate the germicidal

Source.

34. The apparatus of any of claims 14-33, wherein the shield is a chamber or is
configured in accompaniment with features of the apparatus to form a chamber sufficient to
encase the germicidal source when the shield and the germicidal source are said in proximity
with each other, and wherein the chamber comprises:
a door along its exterior surface accessing an interior portion of the chamber; and
one or more shelves and/or baskets arranged within the interior portion of the

chamber and/or an interior portion of the door.

35.  The apparatus of any of claims 14-34, wherein the shield comprises a heat shield

and/or a heat sink.

36.  The apparatus of any of claims 14-35, wherein the shield is a chamber or is

configured in accompaniment with features of the apparatus to form a chamber sufficient to
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encase the germicidal source when the shield and the germicidal source are said in proximity
with each other, and wherein the apparatus further comprises a cooling device and/or a

dehumidifier within the chamber and/or in proximity to an air inlet of the chamber.

37. The apparatus of any of claims 14-36, further comprising a housing surrounding the
germicidal source, wherein the shield is a chamber comprising a port that dimensionally
configured to receive the germicidal source and the housing, and wherein the housing or the

port comprises a seal.

38. An apparatus, comprising;
multiple germicidal sources;
power supply circuitry coupled to the multiple germicidal sources;
a shield, wherein the shield and/or at least one of the multiple germicidal sources are
moveable within the apparatus and the apparatus is configured such that the
multiple germicidal sources and the shield are collectively either:
in proximity with each other such that germicide projected from one or more
of the multiple germicidal sources is substantially contained in the
apparatus, or

out of proximity with each other such that germicide projected from at least
one of the multiple germicidal sources is projected exterior to the
apparatus;

a sensor to detect when the multiple germicidal sources and the shield are said in
proximity with each other and/or said out of proximity with each other;

an electronic user interface comprising input controls allowing selection of different
disinfection modes conducted by the apparatus, wherein the different
disinfection modes comprise a first disinfection mode for primarily
disinfecting medium inside the apparatus and a second disinfection mode for
primarily disinfecting a medium exterior to the apparatus;

a processor; and

a storage medium having program instructions which are executable by the processor
for:
receiving input from the electronic user interface regarding a selected

disinfection mode;
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upon receiving input of the first disinfection mode:

determining from the sensor whether the shield and the multiple
germicidal sources are said in proximity with each other or said
out of proximity with each other;

upon determining the shield and the multiple germicidal sources are
said not in proximity with each other, activating a corrective
action for at least one of the multiple germicidal sources and/or
the shield to be moved in said proximity with each other; and

upon determining the shield and multiple germicidal sources are said in
proximity with each other, activating the power supply
circuitry to selectively operate a first subset of the multiple
germicidal sources; and

upon receiving input of the second disinfection mode:

determining from the sensor whether the shield and the multiple
germicidal sources are said in proximity with each other or said
out of proximity with each other;

upon determining the shield and the multiple germicidal sources are
said in proximity with each other, activating a correction action
for at least one of the multiple germicidal sources or the shield
to be moved said out of proximity with each other; and

upon determining the shield and the multiple germicidal sources are
said out of proximity with each other, activating the power
supply circuitry to selectively operate a second subset of the
multiple germicidal sources different from the first subset of

multiple germicidal sources.

39. The apparatus of claim 38, further comprising;
a sensor to detect movement and/or occupancy within an ambient of the apparatus;
and
an actuator coupled to the multiple germicidal sources or to the shield, wherein the
program instructions for activating the corrective actions for the multiple
germicidal sources and/or the shield to be moved within the apparatus
comprise activating the actuator; and

wherein the storage medium further comprises program instructions for:
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activating the sensor to operate upon receiving input of the first disinfection
mode; and

upon not detecting movement and/or occupancy for a preset duration,
activating the actuator to move the multiple germicidal sources or the

shield out of said proximity with the other.

40.  The apparatus of any of claims 38-39, wherein the first disinfection mode comprises a
first subset disinfection mode for primarily disinfecting air inside the apparatus and a second

subset disinfection mode for primarily disinfecting one or more objects inside the apparatus.

41.  An apparatus, comprising:
multiple germicidal sources;
power supply circuitry coupled to the multiple germicidal sources;
a shield configured in accompaniment with features of the apparatus to form a
chamber sufficient to encase the multiple germicidal sources, wherein the
shield and/or at least one of the multiple germicidal source are moveable
within the apparatus and the apparatus is configured such that:
the multiple germicidal sources may be encased within the chamber during
operation of the apparatus; and either

at least one of the multiple germicidal sources may be arranged exterior to the
chamber during operation of the apparatus; or

the chamber is disassembled by movement of the shield and the multiple
germicidal sources are exposed to an ambient of the apparatus during
operation of the apparatus;

a sensor to detect whether the multiple germicidal sources are encased in the chamber
and/or detect whether the multiple germicidal sources are not encased in the
chamber;

an electronic user interface;

a processor; and

a storage medium having program instructions which are executable by the processor
for:
receiving input from the electronic user interface to start operation of the

apparatus;
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upon receiving the input, determining from the sensor whether the multiple
germicidal sources are encased in the chamber or not encased in the
chamber;

upon receiving input that the multiple germicidal sources are encased within
the chamber, activating the power supply circuitry to selectively
operate a subset of the multiple germicidal sources; and

upon receiving input that the multiple germicidal sources are not encased
within the chamber, activating the power supply circuitry to selectively

operate a different subset of the multiple germicidal sources.

42.  The apparatus of any of claims 38-41, wherein the first subset of the multiple
germicidal sources comprises at least one germicidal source that generates its germicide in a

manner different than at least one of the germicidal sources of the second subset.

43.  The apparatus of claim 42, wherein the first subset of the multiple germicidal sources
comprises one or more light emitting diode lamps, and wherein the second subset of the

multiple germicidal sources comprises one or more discharge lamps.

44.  The apparatus of claim 42, wherein each germicidal source of the first subset
generates its germicide in a manner different than all of the germicidal sources of the second

subset.

45.  The apparatus of claim 42, wherein each germicidal source of the first subset or the

second subset generates its germicide in the same manner.

46.  The apparatus of any of claims 38-41, wherein the first and second subsets of the
multiple germicidal sources comprise germicidal lamps, and wherein at least one germicidal
lamp of the first subset generates different optical properties than at least one of the

germicidal lamps of the second subset.

47. The apparatus of any of claims 38-46, further comprising:
a transparent barrier circumjacent the multiple germicidal sources forming a plenum
around the multiple germicidal sources; and

an air moving device disposed within the apparatus to draw air into the plenum.
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